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COLOR SELECTION TOOL FOR SELECTING
A CUSTOM COLOR COMPONENT

CLAIM OF BENEFIT TO PRIOR APPLICATION

This application claims benefit to U.S. Provisional Patent
Application 61/595,650, entitled “Intuitive Media Editing,”
filed Feb. 6, 2012. The U.S. Provisional Patent Application
61/595,650 is incorporated herein by reference.

BACKGROUND

Digital graphic design, image editing, and video editing
applications (hereafter collectively referred to as media con-
tent editing applications or media editing applications) pro-
vide graphical designers, media artists, and other users with
the necessary tools to view and edit a variety of media con-
tent. Examples of such applications include iPhoto®, Aper-
ture®, Final Cut Pro® and iMovie®, all sold by Apple, Inc.
These applications give users the ability to edit images and
videos in a variety of manners. For example, some applica-
tions provide different range sliders for adjusting different
color values of an image or in a video.

Many media editing applications, however, do not provide
intuitive color adjustment controls. For example, the user is
required to have extensive knowledge about color editing in
order to effectively use most of the existing color adjustment
tools. Furthermore, the controls for adjusting different
aspects of the color values of an image are dispersed in
different locations of the user interface. These deficiencies
cause unnecessary inconvenience in editing an image.

BRIEF SUMMARY

Embodiments of several novel user interface (UI) tools for
editing a set of images in a media editing application are
described. The media editing application of some embodi-
ments provides a color-editing tool that allows a user to create
a blended bump on a tonal adjustment graph for adjusting
color values of an image. A blended bump (also referred as a
composite bump) is a composite of a set of basic bumps. In
these embodiments, the color-editing tool of the application
allows a user to create a set of basic bumps on a tonal adjust-
ment graph. The color-editing tool blends the set of basic
bumps on the graph to form a blended bump, which will be
used by the media editing application to adjust the color
values of the image.

The blended bump corresponds different color values
within a tonal range to different adjustment values on the
tonal adjustment graph. In some embodiments, the tonal
range can be defined along one of the primary color compo-
nents of a color space (e.g., the red component, the green
component, and the blue component of a RGB color space) or
along a luminance component. In these embodiments, the
blended bump corresponds each color value in the primary
color component (or in the luminance component) to a dif-
ferent adjustment value.

As mentioned above, the application of some embodiments
allows a user to create a set of basic bumps on a tonal adjust-
ment graph by providing a set of inputs on the tonal adjust-
ment graph. Different embodiments of the application use
different techniques to implement the basic bumps. In some
embodiments, the basic bumps are implemented as Gaussian
curves, which are bell-shaped curves. In other embodiments,
the basic bumps are implemented as Bezier curves (i.e., ellip-
soid-shaped curves) or step-graphs.
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After the set of basic bumps is created, the media editing
application of some embodiments also allows the user to
modify the characteristics (e.g., height, width, etc.) of any one
of the individual basic bumps in the set by providing another
set of inputs on the tonal adjustment graph. This way, the tonal
adjustment graph also serves as a Ul tool that the user can
select and manipulate. In other embodiments, the application
allows the user to create and modify the basic bumps by
inputting a set of values for defining the properties of the basic
bumps (e.g., center location, height, and width, etc.).

After the user has created a set of basic bumps on the tonal
adjustment graph, the application of some embodiments gen-
erates a blended (or composite) bump by blending (or com-
bining) the set of basic bumps on the tonal adjustment graph.
Different embodiments use different technique to blend the
basic bumps. For example, the media editing application of
some embodiments generates the blended bump by adding
the values from all the basic bumps. That is, for each location
that corresponds to a particular color value on the tonal
adjustment graph, the blended bump corresponds to an
adjustment value that equals to the sum of the corresponding
adjustment values from each of the basic graphs. In other
embodiments however, instead of taking the sum of the
adjustments from each basic graph, the application of some
other embodiments generates the blended bump by taking the
highest (or lowest) adjustment value from the basic graphs. In
some embodiments, the application uses a function that takes
adjustment values from the basic graphs as inputs and gener-
ates an output adjustment value for the blended bump.

As mentioned above, the tonal range of the tonal adjust-
ment graph can be defined along one of the primary color
components or the luminance component. The application of
the application of some embodiments also allow the user to
define the tonal range along a custom color component that is
not one of the primary color components of the color space.
Specifically, a custom color component is a composite of two
or more primary color components. Each of the primary color
contributes a specific fraction that makes up the custom color
component. In these embodiments, after the blended bump is
created along the custom color component, the application
breaks down the blended bump into several curves, each
corresponds to a primary color component that contributes to
the custom color component. The adjustment values on each
divided curve depends on the specific fraction of the corre-
sponding primary color component that makes up the custom
color component. The application then uses these curves to
adjust the color values of the image.

Different embodiments provide different Ul tools for
allowing the user to select a custom color component. For
example, the application of some embodiments provides a set
of range sliders that each associated with a primary color
component. By adjusting the range sliders, the user can
specify a particular fraction for each primary color compo-
nent that contributes to the custom color component. Instead
of'or in addition to the range sliders, some embodiments also
allow a user to specify a custom color component by selecting
a location on a displayed image. The application corresponds
the selected location to a particular pixel of the image, and
uses the color values of the particular pixel to determine a
custom color component.

The preceding Summary is intended to serve as a brief
introduction to some embodiments as described herein. It is
not meant to be an introduction or overview of all inventive
subject matter disclosed in this document. The Detailed
Description that follows and the Drawings that are referred to
in the Detailed Description will further describe the embodi-
ments described in the Summary as well as other embodi-
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ments. Accordingly, to understand all the embodiments
described by this document, a full review of the Summary,
Detailed Description and the Drawings is needed. Moreover,
the claimed subject matters are not to be limited by the illus-
trative details in the Summary, Detailed Description and the
Drawings, but rather are to be defined by the appended
claims, because the claimed subject matters can be embodied
in other specific forms without departing from the spirit of the
subject matters.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features as described here are set forth in the
appended claims. However, for purposes of explanation, sev-
eral embodiments of the invention are set forth in the follow-
ing figures.

FIG.11illustrates an example graphical UI (GUI) ofamedia
editing application of some embodiments that allows a userto
edit an image by creating a blended bump.

FIG. 2 illustrates a set of tools that allow the user to specify
a fractional contribution of each primary color component for
the custom color component.

FIG. 3 illustrates an example of creating a bump on a tonal
adjustment graph through a GUL

FIG. 3a illustrates an example of manipulating a bump on
a tonal adjustment graph through a GUI.

FIG. 4 illustrates an example of generating a composite
bump by blending two basic bumps together.

FIG. 5 illustrates another example of generating a compos-
ite bump.

FIG. 6 illustrates the mechanism of adding different bumps
together.

FIG. 7 illustrates a media editing application of some
embodiments that allows a user to edit the color values of an
image by creating a set of basic bumps on a tonal adjustment
graph.

FIG. 8 conceptually illustrates a process for generating a
composite bump on a tonal adjustment graph and editing an
image based on the composite bump.

FIG. 9 conceptually illustrates a process for creating a
basic bump based on a set of user inputs on a tonal adjustment
graph for editing an image.

FIG. 10 conceptually illustrates a process for adjusting the
color values of an image based on a composite bump on a
tonal adjustment graph.

FIG. 11 illustrates an example operation of modifying the
width of a basic bump.

FIG. 12 illustrates another example of modifying the width
of one of the basic bumps of a composite bump on a tonal
adjustment graph.

FIG. 13 conceptually illustrates a process for adjusting the
width of a basic bump based on a set of user inputs.

FIG. 13a illustrate an example operation of modifying one
of'the basic bumps of a composite bump on a tonal adjustment
graph.

FIG. 14 illustrates an example of adjusting a composite
bump by manipulating a horizontal endpoint of a tonal adjust-
ment graph.

FIG. 15 illustrates another example of adjusting an entire
composite bump that is made up of more than one basic bump.

FIG. 16 conceptually illustrates a process for adjusting the
composite bump based on a set of user inputs.

FIG. 17 illustrates a color component selection tool in a
GUI that allows a user to select one of the primary color
component or the luminance component.
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FIG. 18 illustrates an example of selecting a custom color
component for a tonal adjustment graph by adjusting the
range sliders.

FIG. 19 illustrates another example of selecting a custom
color component for a tonal adjustment graph using the range
sliders.

FIG. 20 illustrates an example of specifying a custom color
component for a tonal adjustment graph by selecting a loca-
tion on a displayed image.

FIG. 21 illustrates an example of adjusting a custom color
component after the user has specified the custom color com-
ponent by selecting a location on the displayed image.

FIG. 22 illustrates an example of modifying a custom color
component on a tonal adjustment graph after a basic bump is
created on the tonal adjustment graph.

FIG. 23 illustrates a media editing application of some
embodiments that allows a user to specify a custom color
component for a tonal adjustment graph.

FIG. 24 conceptually illustrates a process for editing an
image based on a bump on a tonal adjustment graph with a
tonal range along a custom color component.

FIG. 25 conceptually illustrates the software architecture
of'a media editing application of some embodiments.

FIG. 26 conceptually illustrates an electronic system with
which some embodiments of the invention are implemented.

DETAILED DESCRIPTION

In the following detailed description of the invention,
numerous details, examples, and embodiments novel user
interface tools and a media editing application are set forth
and described. However, it will be clear and apparent to one
skilled in the art that the invention is not limited to the
embodiments set forth and that the invention may be prac-
ticed without some of the specific details and examples dis-
cussed.

The media editing application of some embodiments pro-
vides a color-editing tool that allows a user to create a blended
bump on a tonal adjustment graph for adjusting color values
of an image. The tonal adjustment graph is a graph that has
vertical and horizontal axes (e.g., x- and y-axis) as well as
curves drawn along these axes. In this application, the tonal
adjustment graph may mean an area of the media editing
application of some embodiments in which bumps can be
drawn and plotted along the vertical and horizontal axes. The
vertical axis and/or horizontal axis may not have to be dis-
played in the tonal adjustment graph in some embodiments.

A blended bump is a composite of a set of basic bumps. A
basic bump is a curve formed by plotting values according to
a function on the tonal adjustment graph. As mentioned
above, a blended bump is also referred to as a composite bump
because a blended bump is a composite of the basic bumps.

FIG. 1 illustrates an example graphical UI (GUI) 100 of a
media editing application of some embodiments that allows a
user to edit an image by creating a blended bump on a graph
at four different stages 105, 110, 115, and 120.

As shown in the first stage 105 of FIG. 1, the GUI 100
illustrates an image 125, which is a picture of a person canoe-
ing in a sea, and a tonal adjustment graph 140. As mentioned
above, a tonal range of the tonal adjustment graph 140 can be
defined along any one of the primary color components of a
color space or along a luminance component. In this example,
the tonal adjustment graph 140 is defined along the luminance
component of the color space in which the color values of the
image 125 are defined.

As shown in FIG. 1, the tonal adjustment graph 140 is
defined along two axes: a horizontal axis that represents dif-
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ferent color values along the luminance component of the
color space, and a vertical axis that represents different
adjustment values. The far left of the horizontal axis repre-
sents a minimum luminance value (e.g., a black color). The
luminance values increase from the left to the right on the
horizontal axis of the tonal adjustment graph 140, and the far
right of the horizontal axis represents a maximum luminance
value (i.e., a white color). As such, the darker colors are
represented toward the left side of the graph and the brighter
colors are represented toward the right side of the graph. The
mid-point 145 of the vertical axis of the tonal adjustment
graph 140 represents zero adjustment. The adjustment values
increases with positive adjustment values from the mid-point
145 to the top of the vertical axis, and decreases with negative
adjustment values from the mid-point 145 to the bottom of the
vertical axis.

Different embodiments of the application allow the user to
use different methods to create a basic bump on the tonal
adjustment graph 140. In some embodiments, the application
allows the user to create a basic bump on the tonal adjustment
graph 140 by specifying a center location and a height of the
basic bump. The second stage 110 illustrates the GUI 100
when a user has specified a center location for a basic bump on
the tonal adjustment graph 140. In some embodiments, the
application allows the user to specify a center location of a
basic bump by selecting a baseline location on the tonal
adjustment graph (e.g., a location that corresponds to a par-
ticular color value along the color component). The selection
of'abaseline location may be performed by placing a cursor at
the baseline location and providing an input (e.g., an input
from a cursor controlling device or a hot key) or by perform-
ing a gesture (e.g., placing, pointing, or tapping a finger) at the
baseline location on a device having a touch or near touch
sensitive screen. As shown in the second stage 110, the user
has specified the center location for the basic bump by placing
acursor 170 at location 130 on the horizontal axis of the tonal
adjustment graph 140 and providing an input. The selection is
also indicated by the highlighting of the horizontal axis of the
tonal adjustment graph 140.

The third stage 115 illustrates the GUI 100 after the user
has begun to specify a height for the basic bump. In some
embodiments, the application allows the user to specify a
height for the basic bump by providing a vector on the tonal
adjustment graph. In these embodiments, the magnitude of
the vector corresponds to the height of the basic bump (i.e.,
the larger the magnitude, the higher the basic bump). The
vector can be provided by dragging a cursor in a direction on
the tonal adjustment graph or by performing a gesture (e.g.,
dragging a finger) on a device having a touch or near touch
sensitive screen that displays the tonal adjustment graph. As
shown, the user has provided a vector on the tonal adjustment
graph 140 by dragging the cursor 170 upward. As a result of
the drag movement, the application generates a basic bump
135 on the tonal adjustment graph 140. Specifically, the basic
bump 135 has a center that corresponds to the selected base-
line location 130 and a height that corresponds to the user
provided vector.

Different embodiments of the application generate difter-
ent types of basic bumps based on the user’s input on the tonal
adjustment graph. In this example, the basic bump 135 gen-
erated by the application is a Gaussian curve, which is a
bell-shaped curve with two sides gradually fall off from an
apex of the curve. In other embodiments, the application may
generate the basic bump as a Bezier curve or a step-graph. As
mentioned above, the bump on the tonal adjustment graph
corresponds different color values within a tonal range to
different adjustment values on the tonal adjustment graph. In
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this example, the bump 135 corresponds different luminance
values on the tonal adjustment graph 140 to different adjust-
ment values. As shown, the bump 135 corresponds luminance
value 150 to adjustment value 155, and corresponds lumi-
nance value 160 to adjustment value 165. In this example,
since the entire bump 135 is located in the positive region (the
region above the horizontal axis) of the tonal adjustment
graph 140, the bump 135 corresponds any luminance value to
a positive adjustment value. In other embodiments where the
bump covers only the negative region (the region below the
horizontal axis) or covers both the positive and the negative
region, the bump may correspond some luminance value to
negative adjustment values. In some embodiments, the appli-
cation adjusts the color values of the image 125 based on the
bump on the tonal adjustment graph 140. As shown, the color
values of the image 125 have increased in brightness, as
indicated by the diagonal lines across the image 125.

When adjusting the color values of the image 125, the
application of some embodiments iteratively performs the
following procedure for each pixel in the image 125. First, the
application retrieves, from the pixel, a color value of the
particular color component along which the tonal adjustment
graph is defined. In this example, the application retrieves the
luminance value from the pixel. The application then identi-
fies a corresponding adjustment value for the retrieved color
value on the tonal adjustment graph 140, and uses the adjust-
ment value to adjust the color value of the pixel. Different
embodiments use the adjustment value to adjust the color
value of the pixel differently. For instance, the application of
some embodiments adjusts the color value by multiplying the
adjustment value to the color value. Alternatively or conjunc-
tively, the application adjusts the color value by adding the
adjustment value to the color value. In some embodiments,
the application uses a function other than simple multiplica-
tion or addition. Such function would take as inputs the color
value of the pixel and the adjustment value and outputs an
adjusted color value.

The fourth stage 120 illustrates the GUI 100 after the user
has moved the cursor further upward on the tonal adjustment
graph 140. The cursor movement specifies a new height for
the basic bump 135. As a result, the application adjusts the
height of the bump 135 according to the new vector. The
application also re-adjusts the color values of the image 125
based on the modified bump 135. As shown, the color values
of the image 125 in the fourth stage 120 is shown to be
brighter than the color values of the image 125 in the third
stage 115, as indicated by more diagonal lines across the
image 220.

As mentioned above, the tonal range of a tonal graph may
be defined along any one of the primary color components of
acolor space. In some embodiments, the tonal range may also
be defined along a custom color component. A custom color
component is a composite of two or more primary color
components. Each of the primary color contributes a specific
fraction that makes up the custom color component. Different
embodiments provide different interfaces for allowing a user
to select a custom color component. In one approach, the
application provides a set of tools (e.g., range sliders) that
allow the user to specify a fractional contribution of each
primary color component for the custom color component.
FIG. 2 illustrates an example of such an approach. Specifi-
cally, FIG. 2 illustrates an example of selecting a custom color
component for a response graph (for drawing a response
curve or a color response curve) through a GUI 200 at four
different stages 205, 210, 215, and 220.

As shown in FIG. 2, the GUI 200 illustrates an image 225,
which is a picture of a person canoeing in a sea, a response
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graph 240, and a set of tools 245-255 for specitying fractional
contributions of the primary color components to the custom
color component. The response graph 240 is defined along
two axes: a horizontal axis that specifies the original tonal
values (input values) along a tonal range, with a minimum
tonal value on the left and progressively larger tonal values
toward the right, and a vertical axis that specifies the changed
tonal values (output values), with a minimum tonal value on
the bottom and progressively larger tonal values toward the
top. As such, a tonal graph represents changes to the tonal
scale of a color space.

In this example, the set of tools 245-255 are range sliders.
Specifically, range slider 245 is for specifying a fractional
contribution of a red color component, range slider 250 is for
specifying a fractional contribution of a green color compo-
nent, and range slider 255 is for specifying a fractional con-
tribution of a blue color component. As shown in the first
stage 205, the range slider 245 is at a maximum position (e.g.,
255) while the range sliders 250 and 255 are at a minimum
position (e.g., 0), indicating a pure red color component. The
user can manipulate the range sliders 245-255 in order to
specify different fractional contributions of the primary color
component in this stage.

The second stage 210 illustrates the GUI 200 after the user
has specified a custom color component. As shown, the user
has moved the knob of the range slider 250 from the minimum
position to the middle (e.g., 127). The movement of the range
slider 250 has caused the custom color component to be
changed from a pure red color component to a custom color
component with one-third red and two-thirds green. That is,
this custom color component is made up of red and green with
the red twice as much as the green.

The third stage 215 illustrates the GUI 200 when the user
begins to adjust the response curve (e.g., a color response
curve) on the response graph 240 by selecting a location on
the response curve. The fourth stage 220 illustrates the GUI
200 after the user has adjusted the response curve on the
response graph 240. As shown, the user has adjusted the
response curve by dragging the cursor toward the top left
corner of the response graph 240. As a result the color values
of the image 225 that corresponds to the custom color com-
ponent have been modified, as indicated by the diagonal lines
across the image 220.

Several more detailed embodiments of the invention are
described in the sections below. Section I describes details of
creating and manipulating a set of basic bumps on a tonal
adjustment graph and Section II describes details of specify-
ing a custom color component for defining a tonal range of the
tonal adjustment graph. Section III illustrates the software
architecture of the media editing application of some embodi-
ments. Finally, Section IV describes an electronic system that
implements some embodiments of the invention.

1. Creating and Modifying Bumps on a Tonal Adjustment
Graph

As mentioned above, the application of some embodiments
allows a user to create a set of bump on a tonal adjustment
graph by providing a set of inputs on the tonal adjustment
graph. FIG. 3 illustrates an example of creating a bump on a
tonal adjustment graph through a GUI 300 at four different
stages 305, 310, 315, and 320.

As shown in the first stage 305 of FIG. 3, the GUI 300
includes a display area 370, a tonal adjustment graph 340, a
selectable Ul item 345, and a drop-down menu 350. The
display area 370 is for displaying an image being edited. In
this example, the display area 370 is displaying an image 325,
which is a picture of a red bicycle. The selectable Ul item 345
is for initiating a color selection tool for selecting a custom
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color component for the tonal adjustment graph 340. The
operation of selecting a custom color component will be
explained in more details below in Section II. The drop-down
menu 350 is for selecting a primary color component or a
luminance component for the tonal adjustment graph 340. In
this example, the user has selected the luminance component
for the tonal adjustment graph 340. As such, the tonal adjust-
ment graph 340 is defined along the luminance component of
the color space in which the color values of the image 325 are
defined.

As shown in FIG. 3, the tonal adjustment graph 340 is
defined along two axes: a horizontal axis that represents dif-
ferent values along the luminance component of the color
space, and a vertical axis that represents different adjustment
values. The far left of the horizontal axis represents a mini-
mum luminance value (i.e., a black color). The luminance
values increase from the left to the right on the horizontal axis
of the tonal adjustment graph 340, and the far right of the
horizontal axis represents a maximum luminance value (i.e.,
a white color). As such, the darker colors are represented
toward the left side of the graph and the brighter colors are
represented toward the right side of the graph. The mid-point
355 of the vertical axis of the tonal adjustment graph 340
represents zero adjustment. The adjustment values increases
with positive adjustment values from the mid-point 355 to the
top of the vertical axis, and decreases with negative adjust-
ment values from the mid-point 355 to the bottom of the
vertical axis.

Different embodiments of the application allow the user to
use different methods to create a basic bump on the tonal
adjustment graph 340. In some embodiments, the application
allows the user to create a basic bump by specifying a center
location and a height of the basic bump. The second stage 310
illustrates the GUI 300 when a user has specified a center
location of the basic bump on the tonal adjustment graph 340.
In some embodiments, the application allows the user to
specify a center location of a basic bump by selecting a
baseline location on the tonal adjustment graph (e.g., a loca-
tion on the horizontal axis of the tonal adjustment graph 340
that corresponds to a particular color value along the color
component). The selection of a baseline location may be
performed by placing a cursor at the baseline location and
providing an input (e.g., an input from a cursor controlling
device or a hot key) or by performing a gesture (e.g., placing,
pointing, or tapping a finger) at the baseline location on a
device having a touch or near touch sensitive screen. As
shown in the second stage 310, the user has specified the
center location for the basic bump by placing a cursor at
location 330 on the horizontal axis of the tonal adjustment
graph 340 and providing an input. The selection is also indi-
cated by the highlighting of the horizontal axis of the tonal
adjustment graph 340.

The third stage 315 illustrates the GUI 300 after the user
has begun to specify a height for the basic bump. In some
embodiments, the application allows the user to specify a
height for the basic bump by providing a vector on the tonal
adjustment graph. In these embodiments, the magnitude of
the vector corresponds to the height of the basic bump (i.e.,
the larger the magnitude, the higher the basic bump). The
vector can be provided by dragging a cursor in a direction on
the tonal adjustment graph or by performing a gesture (e.g.,
dragging a finger) on a device having a touch or near touch
sensitive screen that displays the tonal adjustment graph. As
shown, the user has provided a vector on the tonal adjustment
graph 340 by dragging the cursor upward, as indicated by the
arrow 360. As a result of the drag movement, the application
generates a basic bump 335 on the tonal adjustment graph
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340. Specifically, the basic bump 335 has a center that corre-
sponds to the selected baseline location 330 and a height that
corresponds to the user provided vector.

Different embodiments of the application generate difter-
ent types of basic bumps based on the user’s input on the tonal
adjustment graph. In this example, the basic bump 335 gen-
erated by the application is a Gaussian curve, which is a
bell-shaped curve with two sides gradually fall off from an
apex of the curve. A Gaussian curve is a symmetrical bell-
shaped curve that is generated using a Gaussian function

whereas parameter “a” represents the height of the curve’s
peak (i.e., the highest point on the Gaussian curve), parameter
“b” represents the position of the center of the peak, and
parameter “c” controls the width of the “bell”.

The application determines the center of the peak (i.e.,
parameter “b”) based on the user’s selected baseline location.
The application also determines the height of the peak (i.e.,
parameter “a”) based on the user’s vector input. Different
embodiments construct the Gaussian curves with different
widths by using different values for the parameter “c” in the
Gaussian function. For example, the application of some
embodiments may use a larger “c” value (e.g., 0.8) to con-
struct a Gaussian curve with a wide width and the application
of other embodiments may use a smaller “c” value (e.g., 0.2)
to construct a Gaussian curve with a narrow width.

As mentioned above, the curve on the tonal adjustment
graph corresponds different color values within a tonal range
to different adjustment values on the tonal adjustment graph.
In this example, the bump 335 corresponds different lumi-
nance values on the tonal adjustment graph 340 to different
adjustment values. As shown, the Gaussian curve 335 speci-
fies that the luminance values that are represented at locations
around the selected baseline location 330 (i.e., mid-tone lumi-
nance values) have a larger positive adjustments than the
luminance values that are represented at locations that are
farther away from the selected baseline location 330 (i.e.,
bright and dark color values). In some embodiments, the
application adjusts the color values of the image 325 based on
the bump. As shown, the color values of the image 325 (espe-
cially those having mid-tone luminance values) have
increased in brightness.

The fourth stage 320 illustrates the GUI 300 after the user
has moved the cursor further upward on the tonal adjustment
graph 340, as indicated by the arrow 365. The cursor move-
ment specifies a new height for the bump 335. As a result, the
application adjusts the height of the bump 335 according to
the new vector. The application also re-adjusts the color val-
ues of the image 325 based on the modified bump 335. As
shown, the color values of the image 325 (especially those
having mid-tone luminance values) in the fourth stage 320 is
shown to be brighter than the color values of the image 325 in
the third stage 315.

Once a basic bump is created, the media editing application
of some embodiments allows the user to manipulate the
bump. FIG. 3a illustrates an example manipulation of a basic
bump in four different stages 381-384. Specifically, this fig-
ures illustrates that the media editing application of some
embodiments allows the user to change height of the basic
bump or move the basic bump horizontally by providing a
vector input vertically and/or horizontally. This figure illus-
trates a tonal adjustment graph 380 and a basic bump 385.

20

25

30

35

40

45

50

55

60

65

10

The first stage 381 illustrates the basic bump 385 that has
been created. The user places a cursor 386 and selects a
location (e.g., by clicking) on the tonal adjustment graph 380.
The next stage 382 illustrates that the user has dragged the
cursor 386 vertically upward in the tonal adjustment graph
380. The media editing application increases the height as the
cursor 386 is moving upward. The dotted curve represents the
shape of the basic bump 385 at the previous stage 381. The
media editing application also adjust the color values an
image (not shown) based on the modified bump 385.

The third stage 383 shows that the user has dragged the
cursor 386 horizontally to the right and the media editing
application has moved the basic bump 385 to the right along
the horizontal axis. The dotted curve represents the position
of the basic bump 385 at the previous stage 382. The media
editing application also adjust the color values the image (not
shown) based on the modified bump 385.

The fourth stage 384 illustrates that the user has provided
both vertical and horizontal vectors by moving the cursor 386
diagonally (i.e., dragging the cursor diagonally) to the lower
left. The media editing application therefore reduces the
height of the basic bump 385 as the media editing application
moves the basic bump 385 to the left. The media editing
application also adjust the color values an image (not shown)
based on the modified bump 385.

In the example illustrated above by reference to FIG. 3, the
application generates a Gaussian curve based on the user’s
input on the tonal adjustment graph. In other embodiments,
the application may generate different types of curve, such as
a Bezier curve, which is an ellipsoid-shaped curve.

As mentioned above, the application of some embodiments
allows the user to create more than one basic bump on the
tonal adjustment graph. In these embodiments, the applica-
tion generates a composite bump (also referred as a blended
bump) by blending the basic bumps together. FIG. 4 illus-
trates an example of generating a composite bump by blend-
ing two basic bumps together through the GUI 300 at four
different stages 405, 410, 415, and 420.

The first stage 405 is similar to the fourth stage 320 of FI1G.
3, except that the tonal adjustment graph 340 includes a
different basic bump 435. As shown, the GUI 300 display the
image 325 in the display area 370 and the tonal adjustment
graph 340. The tonal adjustment graph 340 in this example
has a tonal range that is defined along a luminance compo-
nent. As such, the horizontal axis of the tonal adjustment
graph 340 represents different luminance values of the color
space in which the color values of the image 325 are defined.
Since the bump 435 covers an area that is toward the higher
end of the luminance spectrum (i.e., the center of the bump
435 is located on the right side of the horizontal axis of the
tonal adjustment graph 340), only the pixels with high lumi-
nance values are adjusted to be brighter.

The second stage 410 illustrates the GUI 300 after the user
has begun to create a second basic bump on the tonal adjust-
ment graph 340. As shown, the user has selected a baseline
location 425 on the horizontal axis of the tonal adjustment
graph 340. The third stage 415 illustrates the GUI 300 after
the user has provided a vector input on the tonal adjustment
graph 340. As shown, the user has dragged the cursor toward
the top of the tonal adjustment graph 340, as indicated by the
arrow 430. Based on the user’s inputs, the application creates
a basic bump 440 on the tonal adjustment graph 340 with a
center of the bump located at the selected baseline location
425 and a height that corresponds to the vector input. In
addition, the application generates a composite bump 445
based on the basic bumps 435 and 440. Different embodi-
ments of the application use different techniques to generate
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the composite bump. In this example, the composite bump
445 is generated by adding the two basic bumps 435 and 440.
Specifically, for any given point on the horizontal axis, the
composite bump 445 corresponds to an adjustment value that
equals to the sum of the corresponding adjustment values
from the two basic bumps 435 and 440. The application of
some embodiments adjusts the color values of the image
using this composite bump. Since the newly generated com-
posite bump 445 includes the basic bump 440 in addition to
the already existing basic bump 435, the color values of the
image 325 with low luminance values are also adjusted to be
brighter in this third stage 415.

The fourth stage 420 illustrates the GUI 300 after the user
has increased the height of the basic bump 440. As shown, the
user has dragged the cursor further upward, toward the top of
the tonal adjustment graph 340, as indicated by the arrow 450.
As a result, the application modifies the basic bump 440 as
well as the composite bump 445 to reflect this change. As a
result, the color values of the image 325 with low luminance
values are adjusted to be even brighter at the fourth stage 420
than the color values in the third stage 415.

FIG. 4 illustrates an example of generating a composite
bump based on two basic bumps that are both on the positive
side of the tonal adjustment graph (i.e., above the horizontal
axis of the tonal adjustment graph). FIG. 5 illustrates another
example of generating a composite bump through the GUI
300 at four different stages 505, 510, 515, and 520. In the
example illustrated in FIG. 5, the composite bump is gener-
ated based on a basic bump that is on the positive side of the
tonal adjustment graph and a basic bump that is on the nega-
tive side of the tonal adjustment graph.

The first stage 505 is identical to the first stage 405 of FIG.
4. As shown, the GUI 300 displays the image 325 in the
display area 370 and the tonal adjustment graph 340. The
tonal adjustment graph 340 in this example has a tonal range
that is defined along the luminance component. As such, the
horizontal axis of the tonal adjustment graph 340 represents
different luminance values of the color space in which the
color values of the image 325 are defined. Since the bump 435
covers an area that is toward the higher end of the luminance
spectrum (i.e., the center of the bump 435 is located on the
right side of the horizontal axis of the tonal adjustment graph
340), only the color values with high luminance values are
adjusted to be brighter.

The second stage 510 illustrates the GUI 300 after the user
has begun to create a second basic bump on the tonal adjust-
ment graph 340. As shown, the user has selected a baseline
location 525 on the horizontal axis of the tonal adjustment
graph 340. The third stage 515 illustrates the GUI 300 after
the user has provided a vector input on the tonal adjustment
graph 340. Unlike the example illustrated in FIG. 4, the user
in the third stage 515 provides a vector by moving (or drag-
ging) a cursor downwards, toward the bottom of the tonal
adjustment graph 340, as indicated by the arrow 530. Based
on the user’s inputs, the application creates a basic bump 540
on the tonal adjustment graph 340 with a center of the bump
located at the selected baseline location 525 and a height that
corresponds to the vector input.

As shown, since the user creates a vector in a downward
direction, the basic bump 540 is on the negative side of the
tonal adjustment graph 340 (i.e., the bump 540 is located
below the horizontal axis of the tonal adjustment graph 340).
In addition, the third stage 515 also illustrates that the appli-
cation generates a composite bump 545 based on the basic
bumps 435 and 540. Different embodiments of the applica-
tion use different techniques to generate the composite bump.
In this example, the composite bump 545 is generated by
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adding the two basic bumps 435 and 540. Specifically, for any
given point on the horizontal axis, the composite bump 545
corresponds to an adjustment value that equals to the sum of
the corresponding adjustment values from the two basic
bumps 435 and 540. The application of some embodiments
adjusts the color values of the image using this composite
bump. Since the newly generated composite bump 545
includes the basic bump 540, the color values of the image
325 with low luminance values are adjusted to be darker in
this third stage 515.

The fourth stage 520 illustrates the GUI 300 after the user
has increased the height of the basic bump 540. As shown, the
user has dragged the cursor further downward, toward the
bottom of the tonal adjustment graph 340, as indicated by the
arrow 550. As a result, the application modifies the basic
bump 540 as well as the composite bump 545 to reflect this
change. As aresult, the color values of the image 325 with low
luminance values are adjusted to be even darker at the fourth
stage 520 than the color values in the third stage 515.

FIGS. 4 and 5 above illustrate two examples of generating
a composite bump by blending two different bumps together.
In those two examples, the application blends the different
bumps by adding the bumps together. FIG. 6 illustrates the
mechanism of adding different bumps together through two
examples 605 and 610. In example 605, two basic bumps 620
and 625 have been created on a tonal adjustment graph 615.
As shown, both basic bumps 620 and 625 are on the positive
side of the tonal adjustment graph 615 as both bumps 620 and
625 are located above the horizontal axis of the tonal adjust-
ment graph 615. Each basic bump corresponds different color
values represented by different horizontal locations of the
tonal adjustment graph 615 to different adjustment values.
For example, the basic bump 620 corresponds the color value
represented by the horizontal location 635 to a value “x”
while the basic bump 625 corresponds the same color value
represented by the horizontal location 635 to a value “y”. The
example 605 also shows a composite bump 630 that is gen-
erated by the application of some embodiments based on the
basic bumps 620 and 625. As shown, the composite bump 630
is generated by adding the two basic bumps 620 and 625
together. Thus, the generated composite bump 630 corre-
sponds each color value represented by a horizontal location
of' the tonal adjustment graph 615 to an adjustment value that
equals to a sum of the color value’s corresponding adjustment
values from the two basic bumps 620 and 625. For example,
the generated composite bump 630 corresponds the color
value represented by the horizontal location 635 to a value
equals to a sum of “x” and “y” (i.e., X+y).

Example 610 illustrates another composite bump. In this
example, two basic bumps 640 and 645 have been created on
the tonal adjustment graph 615. As shown, the basic bump
640 is on the positive side of the tonal adjustment graph 615
(i.e., above the horizontal axis of the tonal adjustment graph
640) while the basic bump 645 is on the negative side of the
tonal adjustment graph 615 (i.e., below the horizontal axis of
the tonal adjustment graph 640). Each basic bump corre-
sponds different color values represented by different hori-
zontal location of the tonal adjustment graph 615 to different
adjustment values. For example, the basic bump 640 corre-
sponds the color value represented by the horizontal location
655 to a value “a” while the basic bump 645 corresponds the
same color value represented by the horizontal location 655 to
a value “~b”.

The example 610 also shows a composite bump 650 that is
generated by the application of some embodiments based on
the basic bumps 640 and 645. As shown, the composite bump
650 is generated by adding the two basic bumps 640 and 645.
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Thus, the generated composite bump 650 corresponds each
color value represented by a horizontal location of the tonal
adjustment graph to an adjustment value that equals to a sum
of'the colorvalue’s corresponding adjustment values from the
two basic bumps 640 and 645. For example, the generated
composite bump 650 corresponds the color value represented
by the horizontal location 655 to a value equals to a sum of “a”
and “-b” (i.e., a-b).

The application of some embodiments may employ a func-
tion to blend two or more basic bumps. For instance, the
application may use a function

l‘—b(,‘;

bh;
Yo,

B() = Zn: f(l -
i=1

whereas B(t) is the composite bump from blending n bumps,
t is a horizontal location of the tonal adjustment graph, bc is
the baseline location of each basic bump, bw is the width of
each basic bump, and bh is the height of each basic bump.
That is, the composite bump’s adjustment value for a particu-
lar horizontal location of the tonal adjustment graph is a sum
of adjustment values of the basic bumps that are weighted for
the particular horizontal location by a weighting function.

Different embodiments use different weighting functions.
For instance, the application of some embodiments may use a
Gaussian function, a smoothing function, or a liner function,
etc. More specifically, the application of some embodiments
may use a function,

Fx)=6x"-15x*+10x>
or a function,

F=*(3-20),

whereas in each of these two functions, x is

l‘—b(,‘;

1- .
bW;

Moreover, the application of some embodiments employs a
simple cubic Hermite interpolation technique or Perlin’s
smooth step to compute adjustment values when the adjust-
ment values and horizontal location are of floating type. That
is, when the resulting adjustment values of the composite
bump do not have sufficient granularity, the application of
these embodiments interpolates to generate intermediate
adjustment values that have sufficient granularity.

FIG. 7 illustrates a media editing application 700 of some
embodiments that allows a user to edit the color values of an
image by creating a set of basic bumps on a tonal adjustment
graph. As shown in FIG. 7, the media editing application 700
includes a Ul module 705, a bump generator 710, and a color
adjustment engine 720. The Ul module 705 receives user
inputs provided on a tonal adjustment graph. In some embodi-
ments, the user inputs include providing a selection of a
baseline location on the tonal adjustment graph and providing
a vector.

FIG. 7 illustrates a set of example user inputs on a tonal
adjustment graph 740. In this example, the user inputs include
selecting a baseline location 730 (i.e., a location on the hori-
zontal axis of the tonal adjustment graph 740) and providing
a vector 735. After receiving the user inputs on the tonal
adjustment graph, the Ul module 705 passes the inputs to the
bump generator 710.
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Based on the received user inputs, the bump generator 710
creates a basic bump on the tonal adjustment graph 740. In
this example, the bump generator 710 creates a basic bump
745 on the tonal adjustment graph 740 based on the baseline
location 730 and the vector 735. In some embodiments, when
there exists another bump on the tonal adjustment graph, the
media editing application 700 generates a composite bump
based on the basic bumps. Since another basic bump 725 has
already been created on the tonal adjustment graph 740 in
FIG. 7, the bump generator 710 generates a composite bump
750 by blending the basic bumps 725 and 745.

The bump generator 710 then passes the composite bump
750 to the color adjustment engine 720. The color adjustment
engine 720 receives an image and adjusts the color values of
the image based on the composite bump 750 on the tonal
adjustment graph 740.

When adjusting the color values of the image, the applica-
tion of some embodiments iteratively performs the following
procedure for each pixel in the image. First, the application
retrieves, from the pixel, a color value of the particular color
component along which the tonal adjustment graph is
defined. The application then identifies a corresponding
adjustment value for the retrieved color value on the tonal
adjustment graph, and uses the adjustment value to adjust the
color values of the pixel.

FIG. 8 conceptually illustrates a process 800 for generating
a composite bump on a tonal adjustment graph and editing an
image based on the composite bump. In some embodiments,
the process is performed by the media editing application 700
of FIG. 7. The process 800 begins by displaying (at 805) a
tonal adjustment graph for a particular image.

Next, the process receives (at 810) a set of inputs on the
tonal adjustment graph. In some embodiments, the set of
inputs includes selection of a baseline location on the tonal
adjustment graph and definition of a vector. The process then
(at 815) creates a basic bump on the tonal adjustment graph
based on the received set of inputs. In some embodiments, the
application uses the selected baseline location as the center
location of the basic bump. The application of some embodi-
ments also uses the vector input to specify a height ofthe basic
bump. As mentioned above, the basic bump corresponds dif-
ferent color values within a tonal range to different adjust-
ment values on the tonal adjustment graph.

After creating a basic bump based on the user inputs, the
process generates (at 820) a composite bump on the tonal
adjustment graph by blending the basic bump with any exist-
ing bumps if necessary. In some embodiments, when there
exists one or more other bumps on the tonal adjustment graph,
the process generates a composite bump by blending the
newly created basic bump with the existing bumps. Different
embodiments blend bumps differently as described above. If
there does not exist any other bump, the newly created bump
is the composite bump for the tonal adjustment graph.

Next, the process adjusts (at 825) the particular image
based on the composite bump on the tonal adjustment graph.
The operation of adjusting an image based on a composite
bump on a tonal adjustment graph will be described in more
detail below by reference to FIG. 10.

The process then determines (at 830) whether there is any
more input received on the tonal adjustment graph. If more
inputs are received, the process returns to 815 to create a new
basic bump based on the newly received inputs. The process
will cycle through operations 815-830 until no more inputs
are received on the tonal adjustment graph. If there is no more
inputs received, the process ends.

FIG. 9 conceptually illustrates a process 900 for creating a
basic bump based on a set of user inputs on a tonal adjustment
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graph for editing an image. In some embodiments, the pro-
cess is performed by the bump generator 710 of the media
editing application 700. The process 900 begins by receiving
(at 905) a selection of a baseline location on a tonal adjust-
ment graph. As mentioned above, the baseline location is a
location on an axis of the tonal adjustment graph that repre-
sents different values along a color component of a color
space. The process then receives (at 910) a vector input on the
tonal adjustment graph. In some embodiments, the user can
provide the vector input by dragging a cursor on the tonal
adjustment graph or by performing a gesture (e.g., placing,
pointing, or tapping a finger) on a device having a touch or
near touch sensitive screen that displays the tonal adjustment
graph.

After receiving both inputs, the process (at 915) creates a
basic bump on the tonal adjustment graph with a center of the
bump at the selected baseline location and a height that cor-
responds to the magnitude of the received vector. In some
embodiments, the larger vector’s magnitude corresponds to a
larger height on the bump. Then the process ends.

FIG. 10 conceptually illustrates a process 1000 for adjust-
ing the color values of an image based on a composite bump
on a tonal adjustment graph. In some embodiments, the pro-
cess 1000 is performed by the color adjustment engine 720 of
the media editing application 700 during operation 825 of
process 800 of FIG. 8. In addition, the application performs
the process 1000 iteratively for each pixel in the image until
all pixels in the image have been traversed and processed. As
shown, the process begins by receiving (at 1005) a pixel from
the image.

The process next retrieves (at 1010), from the pixel, a color
value of the particular color component. As mentioned above,
the tonal range of the tonal adjustment graph of some embodi-
ments can be defined along one of the primary color compo-
nents of a color space in which the color values of an image
are defined, or along a luminance component. In these
embodiments, the bump on the tonal adjustment graph corre-
sponds each color value along a particular color component to
a corresponding adjustment value. For example, if the tonal
range of the tonal adjustment graph is defined along a red
color component, the process retrieves a red color value from
the pixel. The process then identifies (at 1015) a correspond-
ing adjustment value for the retrieved color value using the
composite bump on the tonal adjustment graph.

After identifying the corresponding adjustment value for
the pixel, the process uses (at 1020) the identified adjustment
value to adjust the retrieved color value of the pixel. In some
embodiments, the application adjusts the color value by per-
forming a computation using the retrieved color value and the
adjustment value (e.g., multiplying the color value by the
adjustment value, adding the adjustment value to the color
value, using a function that takes as inputs the color value and
the adjustment value and outputs the adjusted color value,
etc.)

The process then determines whether there are any pixels
in the image that have not been processed. If more pixels in
the image need to be processed, the process returns to 1005 to
receive another pixel from the image. The process will cycle
through operations 1005-1025 until all the pixels in the image
are processed. If all the pixels from the image are processed,
the process ends.

After a bump (a basic bump or a composite bump) is
created on the tonal adjustment graph, the application of some
embodiments allows the user to modify several attributes of
the bump. For example, the application of some embodiments
allows a user to select an individual basic bump and adjust the
width of the basic bump. FIG. 11 illustrates an example
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operation of modifying the width of a basic bump through
GUI 300 at four different stages 1105, 1110, 1115, and 1120.

The first stage 1105 is identical as the fourth stage 320 of
FIG. 3. As shown, the GUI 300 displays the image 325 in the
display area 370 and the tonal adjustment graph 340. The
tonal adjustment graph 340 also includes a basic bump 335
that was created by a user for adjusting the color values of the
image 325.

The second stage 1110 illustrates the GUI 300 after the user
has initiated a width adjustment operation on the bump 335 by
selecting the bump 335. In some embodiments, the user may
modify the width of a basic bump on the tonal adjustment
graph by selecting the basic bump and providing a vector
input. The selection of a bump can be performed by placing a
cursor at an area inside the bump and providing an input (e.g.,
an input from a cursor controlling device or a hot key) or by
performing a gesture (e.g., placing, pointing, or tapping a
finger) on a device having a touch or near touch sensitive
screen that displays the bump 335. As shown, the user has
selected the bump 335 by placing a cursor within the area
covered by the bump 335 (i.e., the area between the bump 335
and the horizontal axis of the tonal adjustment graph) and
providing a providing an input, as indicated by the highlight-
ing of half of the area covered by the bump 335.

The third stage 1115 illustrates the GUI 300 after the user
has begun to reduce the width of the bump 335. In some
embodiments, the user may adjust the width of a bump by
dragging a cursor either toward the center of the bump or
away from the center of the bump. As shown, the user has
dragged the cursor toward the center of the bump 335, as
indicated by the arrow 1125. As a result of the drag move-
ment, the width of the bump 335 has been reduced. In some
embodiments, the application re-adjusts the color values of
the image when the bump on the tonal adjustment graph is
modified. As a result of the modification to the bump 335, a
smaller range of color values along the luminance component
is adjusted. As shown, the area of the image 325 that has been
adjusted has shrunk in the third stage 1115 compare to the
image in the second stage 1110.

In this example, the user has dragged the cursor toward the
center of the bump 335 in order to reduce the width of the
bump 335. The fourth stage 1120 illustrates the GUI 300 after
the user has further reduced the width of the bump. As shown,
the user has dragged the cursor further toward the center of the
bump 335, as indicated by the arrow 1130. As a result, the
width of the bump 335 in the fourth stage 1120 has been
further reduced compare to the width of the bump in the third
stage 1115. In addition, due to the modification to the bump
335, the area in the image that has been adjusted is also
reduced. In a similar manner, the user may also drag the
cursor away from the center of the bump to enlarge the width
of the bump 324.

FIG. 11 illustrates an example of reducing the width of a
basic bump on a tonal adjustment graph when there is only
one basic bump on the graph. FIG. 12 illustrates another
example of modifying the width of one of the basic bumps of
a composite bump on a tonal adjustment graph through the
GUI 300 at four different stages 1205, 1210, 1215, and 1220.

The first stage 1205 is identical as the fourth stage 420 of
FIG. 4. As shown, the GUI 300 displays the image 325 in the
display area 370 and the tonal adjustment graph 340. The
tonal adjustment graph 340 includes two basic bumps 435 and
440 that are created by a user for adjusting the color values of
the image 325. The tonal adjustment graph 340 also includes
a composite bump 445 that is generated based on the basic
bumps 435 and 440.
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The second stage 1210 illustrates the GUI 300 after the user
has initiated a width adjustment operation on the bump 440 by
selecting the bump 440. In some embodiments, the user may
modify the width of one of the basic bumps of a composite
bump on the tonal adjustment graph by selecting the basic
bump and providing a vector input. The selection of a bump
can be performed by placing a cursor at an area inside the
bump and providing an input (e.g., an input from a cursor
controlling device or a hot key) or by performing a gesture
(e.g., placing, pointing, or tapping a finger) on a device having
a touch or near touch sensitive screen that displays the bump
440. As shown, the user has selected the bump 440 by placing
acursor within the area covered by the bump 440 (i.c., the area
between the bump 440 and the horizontal axis of the tonal
adjustment graph) and providing a providing an input, as
indicated by the highlighting ot half of the area covered by the
bump 440. As a result, the blended

The third stage 1215 illustrates the GUI 300 after the user
has begun to reduce the width of the bump 440. In some
embodiments, the user may adjust the width of a bump by
dragging a cursor either toward the center of the bump or
away from the center of the bump. As shown, the user has
dragged the cursor toward the center of the bump 440, as
indicated by the arrow 1250. As a result of the drag move-
ment, the width of the bump 440 has been reduced. In some
embodiments, the application re-adjusts the color values of
the image when the bump on the tonal adjustment graph is
modified. As a result of the modification to the bump 440, a
smaller range of dark color values (with low luminance val-
ues) along the luminance component is adjusted. As shown,
the area of the image 325 that has been adjusted has shrunk in
the third stage 1215 compare to the image in the second stage
1210. As a result, the blended bump 445 has been changed.
That is, the horizontal range shared by the basic bumps 435
and 440 has been shrunk and the adjustment values repre-
sented by the blended bump for the range have been changed
accordingly.

The fourth stage 1220 illustrates the GUI 300 after the user
has further reduced the width of the bump. As shown, the user
has dragged the cursor further toward the center of the bump
440, as indicated by the arrow 1255. As a result, the width of
the bump 440 in the fourth stage 1220 has been further
reduced compare to the width of the bump in the third stage
1215. In addition, due to the modification to the bump 440, the
area in the image that has been adjusted is also reduced.

FIG. 13 conceptually illustrates a process 1300 for adjust-
ing the width of a basic bump based on a set of user inputs. In
some embodiments, the process is performed by the media
editing application 700 of FIG. 7. The process 1300 begins by
receiving (at 1305) a selection of a basic bump on the tonal
adjustment graph. As mentioned, the selection of a basic
bump can be performed by placing a cursor at an area inside
the bump and providing an input (e.g., an input from a cursor
controlling device or a hot key) or by performing a gesture
(e.g., placing, pointing, or tapping a finger) on a device having
atouch or near touch sensitive screen that displays the bump.

Next, the process receives (at 1310) a set of inputs on the
tonal adjustment graph for adjusting the width of the selected
bump. In some embodiments, the user may adjust the width of
a bump by dragging a cursor either toward the center of the
bump or away from the center of the bump.

The process then (at 1315) adjusts the width of the selected
bump based on the set of inputs. In some embodiments,
dragging the cursor toward the center of the bump reduces the
width of the bump and dragging the cursor away from the
center of the bump enlarges the width of the bump. In addi-
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tion, the extent of adjustment to the bump’s width corre-
sponds to the extent of the user’s drag movement.

After adjusting the width of the basic bump, the process
then modifies (at 1320) the composite bump based on the
adjusted bump and other existing bumps. In some embodi-
ments, the process modifies a horizontal range of the com-
posite bump that the adjusted width of the basic bump spans.
That is, the adjustment values within the range of the com-
posite bump are modified because the adjustment values of
the basic bump are modified as the width of the basic bump is
adjusted.

Next, the process re-adjusts (at 1325) the color values of
the image based on the updated composite bump on the tonal
adjustment graph. The process then determines (at 1330)
whether a basic bump is being selected. If another basic bump
is selected, the process returns to 1310 to receive another set
of inputs for modifying the width of the selected bump. The
process will cycle through operations 1310-1330 until no
more basic bump is selected. If no more bump is selected, the
process ends.

FIGS. 11 and 12 illustrate two examples of adjusting the
width of a basic bump on a tonal adjustment graph. In addition
to adjusting the characteristics of a basic bump, the applica-
tion of some embodiments also allows the user to adjust the
entire composite bump. Different embodiments of the appli-
cation provide different tools for adjusting the entire compos-
ite bump. In one approach, the application allows the user to
adjust the entire composite bump by selecting and modifying
one of the horizontal endpoints of the tonal adjustment graph.
FIG. 14 illustrates an example of this approach. Specifically,
FIG. 14 illustrates an example of adjusting a composite bump
by manipulating a horizontal endpoint of a tonal adjustment
graph through the GUI 300 at four different stages 1405,
1410, 1415, and 1420.

The first stage 1405 is similar to the fourth stage 320 of
FIG. 3, except that the tonal adjustment graph 340 includes a
different basic bump 1435 that is created by a user. As shown,
the GUI 300 displays the image 325 in the display area 370
and the tonal adjustment graph 340. Since the tonal adjust-
ment graph 340 in this example only includes one basic bump
1435, the composite bump 1450 includes the basic bump
1435 and the flat line that extends toward the right side of the
graph 340 from the basic bump 1435.

The tonal adjustment graph 340 in this example has a tonal
range that is defined along a luminance component. As such,
the horizontal axis of the tonal adjustment graph 340 repre-
sents different luminance values of the color space in which
the color values of the image 325 are defined. Since the bump
1435 covers an area that is toward the lower end of the
luminance spectrum (i.e., the center of the bump 1435 is
located on the left side of the horizontal axis of the tonal
adjustment graph 340), only the color values with low lumi-
nance values are adjusted to be brighter.

In some embodiments, the user may modify the composite
bump by selecting and manipulating one of the two horizontal
endpoints (end portions) 1440 and 1445 of the tonal adjust-
ment graph 340. The horizontal endpoints 1440 and 1445 (at
the two ends of the horizontal axis) corresponds to the mini-
mum color component value and the maximum color com-
ponent value on the tonal adjustment graph 340. The second
stage 1410 illustrates the GUI 300 after the user has initiated
a bump adjustment operation by selecting an endpoint. The
selection of the endpoint can be performed by placing a cursor
on the endpoint and providing an input (e.g., an input from a
cursor controlling device or a hot key) or by performing a
gesture (e.g., placing, pointing, or tapping a finger) on a
device having a touch or near touch sensitive screen that
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displays the endpoint. As shown, the user has selected the
endpoint 1440 by placing a cursor on the endpoint 1440, as
indicated by the highlighting of the endpoint 1440.

The third stage 1415 illustrates the GUI 300 after the user
has begun to adjust the composite bump. In some embodi-
ments, the user may adjust the composite bump by dragging
an endpoint up or down. As shown, the user has dragged the
cursor down, toward the bottom of the tonal adjustment graph
340, as indicated by the arrow 1455. As a result of the drag
movement, the composite bump has been adjusted. The com-
posite bump before adjustment is depicted in dashed line.
Different embodiments of the application use different tech-
niques to adjust the composite bump based on the manipula-
tion of an endpoint. In this example, the application modifies
the adjustment value of the minimum or maximum color
component value (depending on which endpoint the user has
selected and manipulates) according to the user’s manipula-
tion. For example, if the user drags the end point up, the
application increases the adjustment value on the composite
bump that corresponds to the minimum or maximum color
component value. Similarly, if the user drags the end point
down, the application decreases the adjustment value on the
composite bump that corresponds to the minimum or maxi-
mum color component value.

In some embodiments, the application also modifies the
adjustment values on the composite bump that correspond to
the other color component values, but the modification to the
adjustment values decreases on the composite bump as the
corresponding horizontal location is farther away from the
selected end point. In addition, the application retains (does
not modify) the adjustment value on the composite bump that
corresponds to the unselected endpoint location. That is, an
adjustment value that corresponds to a color component value
that is closer to the moving endpoint gets changed more than
an adjustment value that corresponds to a color component
value that is farther to the moving endpoint does. And the
adjustment value that corresponds to the other endpoint does
not get changed at all in some embodiments.

As shown, since the user drags the cursor down in this
example, the entire composite bump 1450 is adjusted. Differ-
ent sections on the composite bump 1450 have different
extents of adjustments. As shown, the section of the compos-
ite bump 1450 closer to the selected endpoint 1440 has larger
extents of adjustments than the section of the composite bump
1450 that is farther away from the selected endpoint 1440. In
addition, the point of the composite bump 1450 at the unse-
lected endpoint 1445 is unchanged. The color values of the
image 325 are also modified according to the update to the
composite bump 1450 at this third stage 1415.

In this example, the user has dragged the cursor down
toward the bottom of' the tonal adjustment graph 340 to reduce
the adjustment values along the entire composite bump 1450.
In a similar manner, the user may also drag the cursor up to
increase the adjustment values along the entire composite
bump 1450. The fourth stage 1420 illustrates the GUI 300
after the user has further reduced the adjustment values of the
composite bump 1450. As shown, the user has dragged the
cursor further down toward the bottom of the tonal adjust-
ment graph 340, as indicated by the arrow 1460. As a result,
the adjustment values of the entire composite bump 1450 has
been further reduced. In addition, due to the modification to
the composite bump 1450, the color values of the image 325
have also been adjusted according to the updated composite
bump 1450.

FIG. 13aq illustrates an example of adjusting a composite
bump on a tonal adjustment graph by adjusting one of the
basic bumps that make up the composite bump. Specifically,
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FIG.13aq illustrates that the media editing application of some
embodiments highlights different portions of different basic
bumps of the composite bump as the cursor is hovering over
the different portions of the different basic bumps. This figure
also illustrates that the media editing application of some
embodiments allows the user to select one of the basic bumps
and modify the basic bump by selecting and dragging a por-
tion of the basic bump. This figures illustrates a composite
bump 1360 that is generated by blending two basic bumps
1365 and 1370.

The media editing application defines one or more select-
able regions within a basic bump (i.e., within the area
enclosed by the horizontal axis and the curve of the basic
bump) that is one of several basic bumps that are blended into
form a composite bump. For instance, the media editing
application of some embodiments defines three regions of the
basic bump—Ieft region, middle region, and right region. The
left and right regions of the basic bump in some embodiments
are for adjusting the width of the basic bump. The user can
select either of the left or right regions and adjust the width of
the basic bump by providing a vector input. Modifying the
width of the basic bump may be done in a similar manner
described above by reference to FIGS. 11 and 12.

The middle region ofthe basic bump in some embodiments
is for adjusting the height of the basic bump as well as for
moving the basic bump horizontally. That is, when the user
selects the middle region of the basic bump and provides a
vector input that may have both a vertical component and a
horizontal component, the media editing application changes
the height of the basic bump based on the vertical component
of the vector input and moves the basic bump horizontally
along the horizontal axis of the tonal adjustment graph based
on the horizontal component of the vector input.

The first stage 1351 illustrates that the user has placed a
cursor 1355 on the left of the composite bump 1360. The next
stage 1352 illustrates that the user has moved the cursor 1355
over the left region of the basic bump 1365. The media editing
application highlights the left region of the basic bump 1365.
The highlighting is depicted as horizontal lines covering the
region. The user may select this region and provide a vector
input in order to adjust the width of the basic bump 1365.

The third stage 1353 shows that the user has moved the
cursor 1355 over the middle region of the basic bump 1365.
The media editing application highlights the middle region of
the basic bump 1365 as shown. The user may select this
region and provide a vector input in order to adjust the height
of the basic bump 1365 or move the basic bump 1365 to the
left or to the right along the horizontal axis.

The next stage 1354 illustrates that the user has moved the
cursor 1355 over the right region of the basic bump 1365. The
media editing application highlights the right region of the
basic bump 1365 as shown. The user may select this region
and provide a vector input in order to adjust the width of the
basic bump 1365.

The fitth stage 1355 illustrates that the user has move the
cursor 1355 over the left region of the basic bump 1370. The
media editing application highlights the left region of the
basic bump 1370 as shown. The user may select this region
and provide a vector input in order to adjust the width of the
basic bump 1370.

The sixth stage 1356 shows that the user has moved the
cursor 1355 over the middle region of the basic bump 1370.
The media editing application highlights the middle region of
the basic bump 1370 as shown. The user may select this
region and provide a vector input in order to adjust the height
of the basic bump 1370 or move the basic bump 1370 to the
left or to the right along the horizontal axis.
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The seventh stage 1357 illustrates that the user has selected
the middle region of the basic bump 1370 by clicking on the
middle region of the basic bump 1370. The final stage 1358
illustrates that the user has moved the cursor 1355 to the upper
left direction from the position of the cursor at the previous
stage 1357. The user thereby has provided a vector input that
has both a vertical component and a horizontal component.
The media editing application increases the height of the
basic bump 1370 based on the vertical component of the
vector input. The media editing application at the same time
moves the basic bump 1370 to the left according to the hori-
zontal component of the vector input. The media editing
application does not change the width of the basic bump 1370.
The media editing application also modifies the composite
bump 1360 as the media editing application modifies the
basic bump 1370. The media editing application also adjust
the color values an image (not shown) based on the modified
composite bump 1360.

FIG. 14 illustrates an example of adjusting a composite
bump on a tonal adjustment graph that is made up of only one
basic bump. FIG. 15 illustrates another example of adjusting
an entire composite bump that is made up of more than one
basic bump. Specifically, FIG. 15 illustrates an example of
adjusting a composite bump by manipulating a horizontal
endpoint of a tonal adjustment graph through the GUI 300 at
four different stages 1505, 1510, 1515, and 1520.

The first stage 1505 is identical to the fourth stage 420 of
FIG. 4. As shown, the GUI 300 displays the image 325 in the
display area 370 and the tonal adjustment graph 340. The
tonal adjustment graph includes two basic bumps 435 and 440
and also a composite bump 445 that is generated based on the
two basic bumps 435 and 440.

The tonal adjustment graph 340 in this example has a tonal
range that is defined along a luminance component. As such,
the horizontal axis of the tonal adjustment graph 340 repre-
sents different luminance values of the color space in which
the color values of the image 325 are defined.

In some embodiments, the user may modify the composite
bump by selecting and manipulating one of the two horizontal
endpoints 1440 and 1445 of the tonal adjustment graph 340.
The horizontal endpoints 1440 and 1445 (at the two ends of
the horizontal axis) corresponds to the minimum color com-
ponent value and the maximum color component value on the
tonal adjustment graph 340. The second stage 1410 illustrates
the GUI 300 after the user has initiated a bump adjustment
operation by selecting an endpoint. The selection of the end-
point can be performed by placing a cursor on the endpoint
and providing an input (e.g., an input from a cursor control-
ling device or a hot key) or by performing a gesture (e.g.,
placing, pointing, or tapping a finger) on a device having a
touch or near touch sensitive screen that displays the end-
point. As shown, the user has selected the endpoint 1440 by
placing a cursor on the endpoint 1440, as indicated by the
highlighting of the endpoint 1440.

The third stage 1515 illustrates the GUI 300 after the user
has begun to adjust the composite bump. In some embodi-
ments, the user may adjust the composite bump 445 by drag-
ging an endpoint up or down. As shown, the user has dragged
the cursor down, toward the bottom of the tonal adjustment
graph 340, as indicated by the arrow 1555. As a result of the
drag movement, the composite bump has been adjusted.
When the adjusted composite bump is made up of two or more
basic bumps, the application of some embodiments adjusts
the basic bumps that make up the composite bump accord-
ingly while the application of other embodiments does not
adjust the basic bumps as the composite bump is adjusted.
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As shown, since the user drags the cursor down in this
example, the entire composite bump 445 is adjusted. Difter-
ent sections on the composite bump 445 have different extents
of adjustments. As shown, the section of the composite bump
445 closer to the selected endpoint 1440 has larger extents of
adjustment than the section of the composite bump 445 that is
farther away from the selected endpoint 1440. In addition, the
point of the composite bump 1450 at the unselected endpoint
1445 is unchanged. The color values of the image 325 are also
modified according to the update to the composite bump 445
at this third stage 1515.

In this example, the user has dragged the cursor down
toward the bottom of the tonal adjustment graph 340 to reduce
the adjustment values along the entire composite bump 445.
The fourth stage 1520 illustrates the GUI 300 after the user
has further reduced the adjustment values of the composite
bump 445. As shown, the user has dragged the cursor further
down toward the bottom of the tonal adjustment graph 340, as
indicated by the arrow 1560. As a result, the adjustment
values of the entire composite bump 445 has been further
reduced. In addition, due to the modification to the composite
bump 445, the color values of the image 325 have also been
adjusted according to the updated composite bump 445. In a
similar manner, the user may also drag the cursor up to
increase the adjustment values along the entire composite
bump 445.

FIG. 16 conceptually illustrates a process 1600 for adjust-
ing the composite bump based on a set of user inputs. In some
embodiments, the process is performed by the media editing
application 700 of FIG. 7. The process 1600 begins by receiv-
ing (at 1605) a selection of an endpoint on the tonal adjust-
ment graph of an image. As mentioned, the endpoints corre-
spond to the minimum or the maximum color component
value on the tonal adjustment graph.

Next, the process receives (at 1610) a set of inputs on the
selected endpoint. In some embodiments, the user may adjust
composite bump by dragging the selected endpoint up or
down. The process then (at 1615) adjusts the composite bump
based on the set of inputs. In some embodiments, the section
of the composite bump closer to the selected endpoint has
larger extents of adjustments than the section of the compos-
ite bump that is farther away from the selected endpoint. In
addition, the point of the composite bump at the unselected
endpoint is unchanged.

After adjusting the composite bump, the process then re-
adjusts (at 1620) the color values of the image based on the
updated composite bump on the tonal adjustment graph. In
some embodiments, the process adjusts the color values of the
image by performing a computation using the adjustment
values of the adjusted composite bump (e.g., multiplying the
color values by the corresponding adjustment values, adding
the corresponding adjustment values to the color values,
using a function that takes as inputs the color values and the
corresponding adjustment values and outputs the adjusted
color values, etc.)

The process then determines (at 1625) whether an endpoint
is selected. If another endpoint is selected, the process returns
to 1610 to receive another set of inputs for modifying the
composite bump. The process will cycle through operations
1610-1625 until no more endpoint is selected. If no more
endpoint is selected, the process ends.

II. Color Component Selection for Tonal Graphs

As mentioned above, the tonal range of the tonal adjust-
ment graph can be defined along one of the primary color
components or the luminance component. In the examples
illustrated above by reference to FIGS. 3,4,5,11,12,14, and
15, the tonal ranges of the tonal adjustment graphs are defined
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along the luminance component. The media editing applica-
tion of some embodiments allows a user to select a different
primary color component for the tonal range of the tonal
adjustment graph through the GUI. Different embodiments of
the application implement different tools for allowing a user
to select a different color component. In one approach, the
application provides a color component selection tool in the
GUI that allows a user to select one of the primary color
component or the luminance component. FIG. 17 illustrates
an example of such an approach. Specifically, FIG. 17 illus-
trates the operation of selecting a different color component
for the tonal adjustment graph through the GUI 300 at six
different stages 1705, 1710, 1715, 1720, 1725, and 1730.

The first stage 1705 is identical to the first stage 305 of FI1G.
3. As shown, the GUI 300 displays the image 325 in the
display area 370 and the tonal adjustment graph 340. The GUI
300 also displays a selectable Ul item 350 for invoking a color
component selection tool for selecting a color component for
the tonal adjustment graph 340. In some embodiments, the
application also displays the current selection of color com-
ponent for the tonal adjustment graph on the GUI. For
example, the application may display the current selection of
color component “luma” on the selectable UT item 350.

The second stage 310 illustrates the GUI 300 after the user
has invoked the color component selection tool. As shown,
the user has invoked the color component selection tool by
selecting the selectable Ul item 350. Different embodiments
implement the color component selection tool differently. In
this example, the color component selection tool is imple-
mented as a drop down menu. As shown, after the user has
selected the selectable Ul item 350, a drop down menu 1740
is displayed in the GUI 300. The drop down menu 1740
includes four selectable Ul items for selecting the luminance
component or one of the three primary color components. For
example, the selectable Ul item 1745 labeled “L.” is associ-
ated with the luminance component, the selectable Ul item
1750 labeled “R” is associated with the red primary color
component, the selectable Ul item 1755 labeled “G” is asso-
ciated with the green primary color component, and the
selectable Ul item 1750 labeled “B” is associated with the
blue primary color component.

The third stage 1715 illustrates the GUI 300 after the user
has selected the selectable Ul item 1750. As a result, the
application modifies the tonal adjustment graph 340 such that
the tonal range is now defined along the red primary color
component instead of the luminance component. That is, the
horizontal axis of the tonal adjustment graph 340 now repre-
sents different color values along the red primary color com-
ponent (i.e., different red color values). The far left of the
horizontal axis represents a color of black (i.e., a red color
value of zero). The red color values increase from the left to
the right on the horizontal axis and the far right of the hori-
zontal axis represents a maximum red color value.

The fourth stage 1720 illustrates the GUI 300 when a user
has begun to create a bump on the tonal adjustment graph 340
by specifying a center location of the basic bump on the tonal
adjustment graph 340. In some embodiments, the application
allows the user to specify a center location of a basic bump by
selecting a baseline location on the tonal adjustment graph
(e.g., a location that corresponds to a particular color value
along the color component). The selection of a baseline loca-
tion may be performed by placing a cursor at the baseline
location and providing an input (e.g., an input from a cursor
controlling device or a hot key) or by performing a gesture
(e.g., placing, pointing, or tapping a finger) at the baseline
location on a device having a touch or near touch sensitive
screen. As shown in the fourth stage 1720, the user has speci-
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fied the center location for the basic bump by placing a cursor
atlocation 1765 on the horizontal axis ofthe tonal adjustment
graph 340 and providing an input. The selection is also indi-
cated by the highlighting of the horizontal axis of the tonal
adjustment graph 340.

The fitth stage 1725 illustrates the GUI 300 after the user
has begun to specify a height for the basic bump. In some
embodiments, the application allows the user to specify a
height for the basic bump by providing a vector on the tonal
adjustment graph. In these embodiments, the magnitude of
the vector corresponds to the height of the basic bump (i.e.,
the larger the magnitude, the higher the basic bump). The
vector can be provided by dragging a cursor in a direction on
the tonal adjustment graph or by performing a gesture (e.g.,
dragging a finger) on a device having a touch or near touch
sensitive screen that displays the tonal adjustment graph. As
shown, the user has provided a vector on the tonal adjustment
graph 340 by dragging the cursor upward, toward the top of
the tonal adjustment graph 340, as indicated by the arrow
1770. As a result of the drag movement, the application gen-
erates a basic bump 1775 on the tonal adjustment graph 340.
Specifically, the basic bump 1775 has a center that corre-
sponds to the selected baseline location 1765 and a height that
corresponds to the user provided vector.

In this example, the basic bump 1775 corresponds different
color values along the red primary color component on the
tonal adjustment graph 340 to different adjustment values. As
shown, the basic bump 1775 specifies that the color values
that are represented at locations around the selected baseline
location 1765 (i.e., mid-tone colors) have a larger positive
adjustments than the luminance values that are represented at
locations that are farther away from the selected baseline
location 1765 (i.e., dark or bright colors). In some embodi-
ments, the application adjusts the color values of the image
325 based onthe basic bump 1775. As shown, the color values
of'the image 325 (especially those with mid-tone colors) have
been changed to become more red.

The sixth stage 1730 illustrates the GUI 300 after the user
has moved the cursor further upward on the tonal adjustment
graph 340. The cursor movement specifies a new height for
the basic bump 1775. As a result, the application adjusts the
height of the basic bump 1775 according to the new vector.
The application also re-adjusts the color values of the image
325 based on the modified basic bump 1775. As shown, the
color values of the image 325 (especially those having mid-
tone) in the sixth stage 1730 is shown to be even more red than
the color values of the image 325 in the fifth stage 1725.

FIG. 17 above illustrates an example of changing the color
component along which the tonal adjustment graph is defined
to ared color component. In some embodiments, the user may
selects other primary color components (e.g., the green color
component, the blue color component, etc.) using similar
techniques.

In addition to selecting a primary color component or a
luminance component for the tonal adjustment graph, some
embodiments of the application also allow the user to define
the tonal range along a custom color component that is not
one of the primary color components or the luminance com-
ponent of the color space. Specifically, a custom color com-
ponent is a composite of two or more primary color compo-
nents. Bach of the primary color contributes a specific
fraction that makes up the custom color component.

Different embodiments provide different Ul tools for
allowing the user to select a custom color component. For
example, the application of some embodiments provides a set
of range sliders that each associated with a primary color
component. By adjusting the range sliders, the user can
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specify a particular fraction for each primary color compo-
nent that contributes to the custom color component. FIG. 18
illustrates an example of selecting a custom color component
for a tonal adjustment graph by adjusting the range sliders
through the GUI 300 at four different stages 1805, 1810,
1815, and 1820.

As shown in the first stage 1805 of FIG. 18, the GUI 300
displays an image 325 in the display area 370, the tonal
adjustment graph 340, and also the selectable Ul item 345 for
invoking the custom color component selection tool. The
tonal adjustment graph 340 in this example includes a tonal
range that is defined along the red primary color component.
The second stage 1810 illustrates the GUI 300 after the user
has invoked the custom color component selection tool. As
shown, the user has invoked the custom color component
selection tool by selecting the selectable Ul item 345. As a
result, a new window 1845 appears in the GUI 300. The
window 1845 includes three Ul controls 1850-1860, and a
display area 1865 for displaying the color component that has
been selected by the user. The three Ul controls 1850-1860
allow auser to select a custom color component for the tonal
adjustment graph by specifying a fractional contribution for
each primary color component. For example, the user can
adjust the Ul control 1850 to specify a fractional contribution
for the red color component, the user can adjust the Ul control
1855 to specity a fractional contribution for the green color
component, and the user can also adjust the Ul control 1860
to specify a fractional contribution for the blue color compo-
nent. Although the Ul controls 1850-1860 are implemented as
range sliders in this example, the application of other embodi-
ments may provide different types of range related Ul con-
trols (e.g., dials, buttons, number fields, and the like) for
specifying the fractional contributions of the primary color
components.

As shown in the second stage 1810, since the tonal range of
the tonal adjustment graph 340 is currently defined along the
red primary color component, only the UI control 1850 (i.e.,
associated with the red color component) shows a maximum
value while the Ul controls 1855 and 1860 (associated with
the green and blue color component respectively) show a
minimum value. As such, the display area 1865 displays a
pure red color indicating that the selected color component is
a pure red color component.

The third stage 1815 illustrates the GUI 300 after the user
has specified a different custom color component. As shown,
the user has moved a knob 230 of the UI control 1855 (asso-
ciated with the green color component) toward the right,
thereby increasing the fractional contribution by the green
color component. As shown in the display area 1865, the
custom color component is now an orange color, which is a
composite of the red color component and the green color
component. Specifically, the custom color component that is
specified in the third stage 1815 includes a larger fractional
contribution from the red color component and a smaller
fractional contribution from the green color component.

The fourth stage 1820 illustrates the GUI 300 after the user
has created a basic bump on the tonal adjustment graph 340.
As shown, the user has selected a baseline location 1870 on
the horizontal axis of the tonal adjustment graph 340, and
provided a vector, as indicated by the arrow 1875. Based on
the user’s input (i.e., the selected baseline location and the
vector), the application creates a basic bump 1880 on the tonal
adjustment graph 340. As mentioned above, the bump 1880
on the tonal adjustment graph 340 corresponds different color
values within a tonal range along a particular color compo-
nent to different adjustment values. The application then
adjusts the color values of the image 325 based on the bump

20

25

30

35

40

45

50

55

60

65

26

1880. In some embodiments, before adjusting the color val-
ues of the image 325, the application breaks down the com-
posite bump 1880 into several curves for the primary color
components that have contributed to the custom color com-
ponent. In this example, the application uses the composite
bump 1880 to generate a curve for the red color component
and a curve for the green color component. In some of these
embodiments, the application breaks down the composite
bump 1880 according to the fractional contribution of each
primary color component to make up the custom color com-
ponent. Thus, if the application determines that the custom
color component is made up of sixty percent (60%) of the red
color component and forty percent (40%) of the green color
component, the application creates a curve for the red color
component that is sixty percent of the composite bump 1880
and a curve for the green color component that is forty percent
of the composite bump 1880. Thus, when the composite
bump 1880 corresponds a particular color value to a value “x”
on the tonal adjustment graph 340, the curve for the red
component corresponds the particular color value to a value
equals to sixty percent of “x”, and the curve for the green
color component corresponds the particular color value to a
value equals to forty percent of “x”.

The application then adjusts the color values of the image
325 based on these curves that are generated for each primary
color component. As shown, the colors of the image 325
(especially those having mid-tone colors) have been modified
to become more orange.

FIG. 19 illustrates another example of selecting a custom
color component for a tonal adjustment graph using the range
sliders through the GUI 300 at four different stages 1905,
1910, 1915, and 1920.

The first stage 1905 is identical to the first stage 305 of FI1G.
3. As shown, the GUI 300 displays the image 325 in the
display area 370, the tonal adjustment graph 340, and also the
selectable Ul item 345 for invoking the custom color compo-
nent selection tool. The tonal adjustment graph 340 in this
example includes a tonal range that is defined along the lumi-
nance color component. The second stage 1910 illustrates the
GUI 300 after the user has invoked the custom color compo-
nent selection tool. As shown, the user has invoked the custom
color component selection tool by selecting the selectable Ul
item 345. As a result, a new window 1845 appears in the GUI
300. The window 1845 includes three Ul controls 1850-1860,
and a display area 1865 for displaying the color component
that has been selected by the user. The three Ul controls
1850-1860 allow a user to select a custom color component
for the tonal adjustment graph by specifying a fractional
contribution for each primary color component. For example,
the user can adjust the Ul control 1850 to specify a fractional
contribution for the red color component, the user can adjust
the Ul control 1855 to specify a fractional contribution for the
green color component, and the user can also adjust the Ul
control 1860 to specify a fractional contribution for the blue
color component. Although the UI controls 1850-1860 are
implemented as range sliders in this example, the application
of other embodiments may provide different types of range
related Ul controls (e.g., dials, buttons, number fields, and the
like) for specitying the fractional contributions of the primary
color components.

As shown in the second stage 1910, since the tonal range of
the tonal adjustment graph 340 is currently defined along the
luminance color component, all three UI controls 1850-1860
shows a maximum value. As such, the display area 1865
displays a pure white color indicating that the selected color
component is a luminance color component.
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The third stage 1915 illustrates the GUI 300 after the user
has specified a different custom color component. As shown,
the user has moved the knob of the Ul control 1855 (associ-
ated with the green color component) to specify a minimum
value, thereby removing the contribution of the green color
component to the custom color component. The user has also
moved the knob of the UI control 1860 (associated with the
blue color component) toward the left, thereby decreasing the
fractional contribution by the blue color component. As
shown in the display area 1865, the custom color component
is now a purple color, which is a composite of the red color
component and the blue color component. Specifically, the
custom color component that is specified in the third stage
1915 includes a larger fractional contribution from the red
color component and a smaller fractional contribution from
the blue color component.

The fourth stage 1920 illustrates the GUI 300 after the user
has created a basic bump on the tonal adjustment graph 340.
As shown, the user has selected a baseline location 1970 on
the horizontal axis of the tonal adjustment graph 340, and
provided a vector, as indicated by the arrow 1975. Based on
the user’s input (i.e., the selected baseline location and the
vector), the application creates a basic bump 1980 on the tonal
adjustment graph 340. As mentioned above, the bump 1980
on the tonal adjustment graph 340 corresponds different color
values within a tonal range along a particular color compo-
nent to different adjustment values. The application then
adjusts the color values of the image 325 based on the bump
1980. In some embodiments, before adjusting the color val-
ues of the image 325, the application breaks down the com-
posite bump 1980 into several curves for the primary color
components that have contributed to the custom color com-
ponent. In this example, the application uses the composite
bump 1980 to generate a curve for the red color component
and a curve for the blue color component. In some of these
embodiments, the application breaks down the composite
bump 1980 according to the fractional contribution of each
primary color component to make up the custom color com-
ponent. Thus, if the application determines that the custom
color component is made up of sixty percent (60%) of the red
color component and forty percent (40%) of the blue color
component, the application creates a curve for the red color
component that is sixty percent of the composite bump 1980
and a curve for the blue color component that is forty percent
of the composite bump 1980. Thus, when the composite
bump 1980 corresponds a particular color value to a value “y”
on the tonal adjustment graph 340, the curve for the red
component corresponds the particular color value to a value
equals to sixty percent of “y”, and the curve for the blue color
component corresponds the particular color value to a value
equals to forty percent of “y”.

The application then adjusts the color values of the image
325 based on these curves that are generated for each primary
color component. As shown, the colors of the image 325
(especially those having mid-tone colors) have been modified
to become more purple.

FIGS. 18 and 19 above illustrates two examples of select-
ing a custom color component for the tonal adjustment graph
by manipulating a set of range sliders that area associated
with the primary color components of the color space. Instead
of'or in addition to the range sliders, some embodiments also
allow a user to specitfy a custom color component by selecting
a location on a displayed image. The application corresponds
the selected location to a particular pixel of the image, and
uses the color values of the particular pixel to determine a
custom color component. FIG. 20 illustrates an example of
specifying a custom color component for a tonal adjustment
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graph by selecting a location on a displayed image. Specifi-
cally, FIG. 20 illustrates an example custom color component
selection operation through the GUI 300 at four different
stages 2005, 2010, 2015, and 2020.

As shown in the first stage 2005 of FIG. 20, the GUI 300
displays a display area 370 for displaying an image being
edited, the tonal adjustment graph 340, and also the selectable
Ul item 345 for invoking a custom color component selection
tool. In this example, the display area 370 displays an image
2025, which is a picture of a castle.

The second stage 2010 illustrates the GUI 300 after the
color selection tool is invoked. As shown, the user has invoked
the color selection tool by selecting the selectable Ul item
345. As a result, a new window 1845 appears in the GUI 300.
The window 1845 includes three Ul controls 1850-1860, and
a display area 1865 for displaying the color component that
has been selected by the user. The three Ul controls 1850-
1860 allow a user to select a custom color component for the
tonal adjustment graph by specifying a fractional contribu-
tion for each primary color component. For example, the user
can adjust the Ul control 1850 to specity a fractional contri-
bution for the red color component, the user can adjust the Ul
control 1855 to specify a fractional contribution for the green
color component, and the user can also adjust the Ul control
1860 to specify a fractional contribution for the blue color
component. Although the Ul controls 1850-1860 are imple-
mented as range sliders in this example, the application of
other embodiments may provide different types of range
related Ul controls (e.g., dials, buttons, number fields, and the
like) for specitying the fractional contributions of the primary
color components.

In addition to using the UT controls 2050-2060, the appli-
cation also allows the user to specify a custom color compo-
nent by selecting a location on the image 2025. When a user
selects a location on the image, the application identifies a
custom color component based on the color values of the
pixel that corresponds to the selected location on the image.
In some embodiments, the selection of a location on the
image can be performed by placing a cursor at the location on
the image 2025 and providing an input (e.g., an input from a
cursor controlling device or a hot key) or by performing a
gesture (e.g., placing, pointing, or tapping a finger) on a
device having a touch or near touch sensitive screen that
displays the image 2025. The third stage 2015 illustrates the
GUI 300 after the user has specified a custom color compo-
nent. As shown, the user has specified a custom color com-
ponent by selecting a location 2085 on the image 2025. Since
the location 2085 displays an orange color, the display area
1865 displays the orange color that corresponds the color of
the selected location 2085 on the image 2025. The third stage
2015 also illustrates that the UI controls 1850-1860 are also
modified according to the newly selected custom color com-
ponent. As shown, the Ul controls 1850-1860 shows different
fractional contribution from each of the primary color com-
ponents that make up the new custom color component. The
UI controls 1850-1860 indicate that the custom color com-
ponent contains a larger fractional contribution from the red
color component, a lesser fractional contribution from the
green color component and a even lesser fractional contribu-
tion from the blue color component.

The fourth stage 2020 illustrates the GUI 300 after the user
has created a basic bump. As shown, the user has selected a
baseline location 2090 provided a vector, as indicated by the
arrow 2075. Based on the user’s input (i.e., the selected base-
line location and the vector), the application creates a basic
bump 2080 on the tonal adjustment graph 340. As mentioned
above, the bump 2080 on the tonal adjustment graph 340
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corresponds different color values within a tonal range along
a particular color component to different adjustment values.
The application then adjusts the color values of the image
2025 according to the bump 2080. As shown, the orange color
values of the image 2025 (especially those having mid-tone
colors) have been modified to become less orange.

After specifying a custom color component for a tonal
adjustment graph, the application of some embodiments
allow the user to adjust the custom color component after a
custom color component is specified. FIG. 21 illustrates an
example of adjusting a custom color component after the user
has specified the custom color component by selecting a
location on the displayed image. Specifically, FIG. 21 illus-
trates an example operation of adjusting a custom color com-
ponent through the GUI 300 at four different stages 2105,
2110, 2115, and 2120.

The first stage 2105 is identical to the third stage 2015 of
FIG. 20. As shown, the GUI 300 displays the image 2025 in
the display area 370 and the tonal adjustment graph 340. The
GUI 300 also shows a window 1845 that includes three Ul
controls 1850-1860, and a display area 1865 for displaying
the color component that has been selected by the user. The
three Ul controls 1850-1860 allow a user to select a custom
color component for the tonal adjustment graph by specifying
a fractional contribution for each primary color component.
The display area 1865 displays an orange color that corre-
sponds the color selected by the user. In addition, the Ul
controls 2050-2060 also show the different fractional contri-
bution from each of the primary color components that make
up this custom color component. Specifically, the Ul controls
2050-2060 indicate that the custom color component contains
alarger fractional contribution from the red color component,
a lesser fractional contribution from the green color compo-
nent and a even lesser fractional contribution from the blue
color component. In some embodiments, the custom color
component is specified by selecting a location on the image
2025.

The second stage 2110 illustrates the GUI 300 after the user
has modified the existing custom color component. In some
embodiments, the application allows the user to modify the
custom color component by manipulate the Ul controls 1850-
1860. As shown, the user has modified the custom color
component by moving the knob ofthe UI control 1855 (asso-
ciated with the green color component) to the left, thereby
decreasing the fractional contribution of the green color com-
ponent to the custom color component. As aresult, the display
area 1865 now displays a pinkish color instead of an orange
color.

The third stage 2115 illustrates the GUI 300 after the user
has begun to create a basic bump on the tonal adjustment
graph 340. As shown, the user has selected a baseline location
2180 on the horizontal axis of the tonal adjustment graph 340,
as indicated by the highlighting of the horizontal axis of the
tonal adjustment graph 340. The fourth stage 2120 illustrates
the GUI 300 after the user has provided a vector input. As
shown, the user has provided a vector input by dragging the
cursor down toward the bottom of the tonal adjustment graph
340, as indicated by the arrow 2175. As a result of the user
inputs, the application has created a basic bump 2150 on the
tonal adjustment graph 340. As mentioned above, the bump
2150 on the tonal adjustment graph 340 corresponds different
color values within a tonal range along a particular color
component to different adjustment values. The application
then adjusts the color values of the image 2025 based on the
bump 2150 in the same manner as described above by refer-
ence to FIGS. 18, 19, and 20. As shown, the colors of the
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image 325 (especially those having mid-tone colors) have
been modified to become less pink.

In some embodiments, the application allows the user to
modify the custom color component even after a set of basic
bumps have been created on the tonal adjustment graph. FI1G.
22 illustrates such an example. Specifically, FIG. 22 illus-
trates an example of modifying a custom color component on
a tonal adjustment graph after a basic bump is created on the
tonal adjustment graph through the GUI 300 at three stages
2205, 2210, and 2215.

The first stage 2205 is identical as the fourth stage 2020 of
FIG. 20. As shown, the GUI 300 displays the image 2025, the
tonal adjustment graph 340, and also the selectable Ul item
345 for invoking a custom color component selection tool.
The first stage 2205 also shows that a basic bump 2080 has
been created on the tonal adjustment graph 340.

The second stage 2210 illustrates the GUI 300 after the user
has invoked the custom color component selection tool. As
shown, the user has invoked the custom color component
selection tool by selecting the selectable Ul item 345. As a
result, a window a new window 1845 appears in the GUI 300.
The window 1845 includes three Ul controls 1850-1860, and
a display area 1865 for displaying the color component that
has been selected by the user. The three Ul controls 1850-
1860 allow a user to select a custom color component for the
tonal adjustment graph by specifying a fractional contribu-
tion for each primary color component. For example, the user
can adjust the Ul control 1850 to specity a fractional contri-
bution for the red color component, the user can adjust the Ul
control 1855 to specify a fractional contribution for the green
color component, and the user can also adjust the Ul control
1860 to specify a fractional contribution for the blue color
component. Although the Ul controls 1850-1860 are imple-
mented as range sliders in this example, the application of
other embodiments may provide different types of range
related Ul controls (e.g., dials, buttons, number fields, and the
like) for specitying the fractional contributions of the primary
color components.

The second stage 2210 also illustrates that the Ul controls
1850-1860 shows the different fractional contributions from
the primary color components that make up the currently
specified custom color component. In this example, the Ul
controls 1850-1860 indicate that the custom color component
contains a larger fractional contribution from the red color
component, a lesser fractional contribution from the green
color component and a even lesser fractional contribution
from the blue color component.

The third stage 2215 illustrates the GUI 300 after the user
has modified the custom color component. As shown, the user
has modified the custom color component by dragging the
knob of the UI control 1855 (associated with the green color
component) to the left. As a result, the custom color compo-
nent is changed from an orange colorto a pink color, as shown
in the display area 1865. The third stage 2215 also illustrates
that after the custom color component is modified, the appli-
cation of some embodiments re-adjusts the color values of the
image 2025 according to the bump 2080 based on the newly
defined custom color component.

FIGS. 21 and 22 above illustrate examples of modifying a
custom color component that has been previously specified
by a user (either by manipulating the Ul controls or selecting
a location on the image). In addition to modifying an existing
custom color component, the application of some other
embodiments allow the user to specify more than one custom
color components and create bumps that are based on the
different custom color components. In these embodiments,
the application provides a tool (such as the color component
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selection tool 350) to allow the user to display the tonal
adjustment graph along the different custom color compo-
nents that have been previously specified by the user.

FIGS. 18, 19, 20, 21, and 22 above illustrate examples of
specifying (or defining) custom color components for the
tonal adjustment graph. However, the application of some
other embodiments allows the user to use the same manner to
specify a custom color component for other tonal graph, such
as a response graph, for editing color values of an image.

FIG. 23 illustrates a media editing application 700 of some
embodiments that allows a user to specify a custom color
component for a tonal adjustment graph and to edit the color
values of an image by creating a set of basic bumps on the
tonal adjustment graph. In addition, FIG. 23 illustrates an
example of breaking down a composite bump associated with
a custom color component into several curves for each of the
primary color components. As shown, the media editing
application 700 includes a Ul module 705, a bump generator
2310, and a color adjustment engine 720. The Ul module 705
receives user inputs provided on a tonal adjustment graph. In
some embodiments, the user inputs include providing a selec-
tion of a baseline location on the tonal adjustment graph and
providing a vector.

FIG. 23 illustrates a set of example user inputs on a tonal
adjustment graph 2340. The tonal adjustment graph 2340 in
this example has a tonal range that is defined along a custom
color component. The custom color component is a compos-
ite of thirty percent of a red color component, sixty percent of
a green color component, and ten percent of a blue color
component. As shown, the user inputs include selecting a
baseline location 2330 (i.e., a location on the horizontal axis
of the tonal adjustment graph 2340) and providing a vector
2335. Based on the user inputs, the bump generator 2310
creates a basic bump on the tonal adjustment graph 2340. In
this example, the bump generator 2310 creates a basic bump
2345 on the tonal adjustment graph 2340. In some embodi-
ments, when there exists another bump on the tonal adjust-
ment graph, the media editing application 700 generates a
composite bump based on the basic bumps. Since another
basic bump 2325 has been created on the tonal adjustment
graph 2340 in FIG. 23, the bump generator 2310 generates a
composite bump 2350 by blending the basic bumps 2325 and
2345.

The bump generator then breaks down the composite bump
2350 into several curves for each of the primary color com-
ponents that have contributed to the custom color component.
In this example, the application uses the composite bump
2350 to generate a curve for the red color component, a curve
for the green color component, and a curve for the blue color
component. In some of these embodiments, the application
breaks down the composite bump 2350 according to the frac-
tional contribution of each primary color component that
makes up the custom color component. Thus, the bump gen-
erator 2310 generates a curve 2355 for the red color compo-
nent by taking thirty percent of the composite bump 2350,
generates a curve 2360 for the green color component by
taking sixty percent of the composite bump 2350, and gener-
ates a curve 2365 for the blue color component by taking 10%
percent of the composite bump 2350.

The bump generator 2310 then passes the curves 2350-
2360 for the primary color components to the color adjust-
ment engine 720. The color adjustment engine 720 receives
an image and adjusts the color values of the image based on
the curves 2350-2360 on the tonal adjustment graph.

FIG. 24 conceptually illustrates a process 2400 for editing
an image based on a bump on a tonal adjustment graph with
a tonal range along a custom color component. In some
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embodiments, the process is performed by the media editing
application 700. The process 2400 begins by receiving (at
2405) a specification of a custom color component. As men-
tioned above, different embodiments of the application allow
the user to specify the custom color component in different
manners. In some embodiments, the application provides a
set of UI controls that are associated with the set of primary
color components of a color space. In these embodiments, the
user can specify a custom color component by manipulating
the set of Ul controls. In other embodiments, the user can
specify a custom color component by selecting a location on
a displayed image.

Next, the process displays (at 2410), for an image, a tonal
adjustment graph with a tonal range along the specified cus-
tom color component. The process then receives (at 2415) a
set of inputs on the tonal adjustment graphs. In some embodi-
ments, the set of inputs includes selecting a baseline location
on the tonal adjustment graph and providing a vector. Based
on the received set of inputs, the process (at 2420) creates a
basic bump on the tonal adjustment graph. In some embodi-
ments, the application uses the selected baseline location as
the center location of the basic bump. The application of some
embodiments also uses the vector input to specify a height of
the basic bump. As mentioned above, the basic bump corre-
sponds different color values along the custom color compo-
nent to different adjustment values on the tonal adjustment
graph.

After creating a basic bump based on the user inputs, the
process generates (at 2425) a composite bump on the tonal
adjustment graph by blending the basic bump with any exist-
ing bumps if necessary. In some embodiments, when there
exists one or more other bumps on the tonal adjustment graph,
the process generates a composite bump by blending the
newly created basic bump with the existing bumps. If there
does not exist any other bump, the newly created bump is the
composite bump for the tonal adjustment graph.

Next, the process generates (at 2430) a curve for each
primary color component based on the composite bump. As
mentioned above, a custom color component is a composite
of more than one primary color component. Each primary
color component contributes a specific fraction that makes up
the custom color component. As such, the process divides (or
breaks down) the composite bump into several curves accord-
ing to the specific fraction for each primary color component
that makes up the custom color component. In some embodi-
ments, the process uses the same technique as illustrated
above by reference to FIG. 23 to divide the composite bump.
Each of the curves corresponds different color values along a
primary color component to different adjustment values.

The process then adjusts (at 2435) the color values of the
image using the set of curves generated for the primary color
components. Next, the process determines (at 2440) whether
there is any more input received on the tonal adjustment
graph. I[f more inputs are received, the process returns to 2420
to create a new basic bump based on the newly received
inputs. The process will cycle through operations 2420-2440
until no more inputs are received on the tonal adjustment
graph. Then the process ends.

1I1. Software Architecture

In some embodiments, the processes described above are
implemented as software running on a particular machine,
such as a computer or a handheld device, or stored in a
machine readable medium. FIG. 25 conceptually illustrates
the software architecture of a media editing application 2500
of'some embodiments. Some examples of such media editing
application include iPhoto®, iMovie® and Final Cut Pro®,
all sold by Apple Inc.®
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In some embodiments, the media editing application is a
stand-alone application or is integrated into another applica-
tion, while in other embodiments the application might be
implemented within an operating system. Furthermore, in
some embodiments, the application is provided as part of a
server-based solution. In some such embodiments, the appli-
cation is provided via a thin client. That is, the application
runs on a server while a user interacts with the application via
a separate machine remote from the server. In other such
embodiments, the application is provided via a thick client.
That is, the application is distributed from the server to the
client machine and runs on the client machine.

As shown, the media editing application 2500 includes a
user interface (UI) interaction module 2505, a video render-
ing module 2510, a set of video editing modules 2515, a
media import module 2520, a bump generator 2525, and a
color adjustment engine 2535. The application also includes
a media storage 2540. In some embodiments, the media stor-
age 2540 is a set of file folders organized by the media editing
application and stored on a particular set of storage devices.
The storage devices may include the boot drive of the elec-
tronic device on which the application operates, a different
partition of that disk, a separate internal or external hard drive,
a flash drive, SD card, etc.

The Ul interaction module 2505 of the media editing appli-
cation 2500 interprets the user input data received from the
input device drivers 2545 and passes it to various modules,
including the media editing modules 2515, the media import
module 2520, the bump generator 2525, and the color adjust-
ment engine 2535. In some embodiments, the input data
directly affects the composite presentation data or other data
stored in the media storage 2540.

The Ul interaction module 2505 also manages the display
of'the U, and outputs this display information to the display
drivers 2550. This UI display information may be based on
information from the various modules, including the video
editing modules 2515, the video rendering module 2510, the
media import module 2520, the color graphs generator 2525,
and the color adjustment engine 2535.

The media import module 2520 imports media (e.g., an
image, a video containing multiple picture frames, etc.) into
the media editing application for use. Some embodiments, as
shown, receive the media directly from a video capturing
device such as a video camera 2555. Some embodiments
import media from an external storage 2560. The external
storage 2560 may be an SD card, a flash drive, an external
hard drive, an internal hard drive in which the files are not
stored in the organized file folder structure of the application,
etc.

The bump generator 2525 creates basic bumps on a tonal
adjustment graph based on user inputs that are received from
the UI interaction module 2505. The bump generator 2525
also generates a composite bump by blending a set of basic
bumps together on the tonal adjustment graph. In addition,
when the tonal range of the tonal adjustment graph is defined
along a custom color component, the bump generator 2525
also generates a curve on a tonal adjustment graph for each
primary color component that contributes to the custom color
component.

The color adjustment engine 2535 adjusts the color values
of an image according to the bump that is generated by the
bump generator 2525.

FIG. 25 also illustrates an operating system that includes
input device driver(s) 2545 and display drivers 2550. In some
embodiments, as illustrated, the device drivers 2545 and dis-
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play drivers 2550 are part of the operating system even when
the media editing application 2500 is an application separate
from the operating system.

The input device drivers 2545 may include drivers for
translating signals from a keyboard, mouse, touchpad, draw-
ing tablet, touchscreen, etc. A user interacts with one or more
of'these input devices, which send signals to their correspond-
ing device driver. The device driver then translates the signals
into user input data that is provided to the Ul interface inter-
action module 2505.

The present application describes a graphical user interface
that provides users with numerous ways to perform different
sets of operations and functionalities. In some embodiments,
these operations and functionalities are performed based on
different commands that are received from users through
different input devices (e.g., keyboard, trackpad, touchpad,
mouse, etc.). For example, the present application illustrates
the use of a cursor in the graphical user interface to control
(e.g., select, move) objects in the graphical user interface.
However, in some embodiments, objects in the graphical user
interface can also be controlled or manipulated through other
controls, such as touch control. In some embodiments, touch
control is implemented through an input device that can
detect the presence and location of touch on a display of the
input device. An example of a device with such functionality
is a touch screen device (e.g., as incorporated into a smart
phone, a tablet computer, etc.). In some embodiments with
touch control, a user directly manipulates objects by interact-
ing with the graphical user interface that is displayed on the
display of the touch screen device. For instance, a user can
select a particular object in the graphical user interface by
simply touching that particular object on the display of the
touch screen device. As such, when touch control is utilized,
acursor may not even be provided for enabling selection of an
object of a graphical user interface in some embodiments.
However, when a cursor is provided in a graphical user inter-
face, touch control can be used to control the cursor in some
embodiments.

IV. Electronic System

Many of the above-described features and applications are
implemented as software processes that are specified as a set
of instructions recorded on a computer readable storage
medium (also referred to as computer readable medium).
When these instructions are executed by one or more com-
putational or processing unit(s) (e.g., one or more processors,
cores of processors, or other processing units), they cause the
processing unit(s) to perform the actions indicated in the
instructions. Examples of computer readable media include,
but are not limited to, CD-ROMs, flash drives, random access
memory (RAM) chips, hard drives, erasable programmable
read only memories (EPROMs), electrically erasable pro-
grammable read-only memories (EEPROMs), etc. The com-
puter readable media does not include carrier waves and
electronic signals passing wirelessly or over wired connec-
tions.

In this specification, the term “software” is meant to
include firmware residing in read-only memory or applica-
tions stored in magnetic storage, which can be read into
memory for processing by a processor. Also, in some embodi-
ments, multiple software inventions can be implemented as
sub-parts of a larger program while remaining distinct soft-
ware inventions. In some embodiments, multiple software
inventions can also be implemented as separate programs.
Finally, any combination of separate programs that together
implement a software invention described here is within the
scope of the invention. In some embodiments, the software
programs, when installed to operate on one or more electronic



US 8,849,028 B2

35

systems, define one or more specific machine implementa-
tions that execute and perform the operations of the software
programs.

FIG. 26 conceptually illustrates an electronic system 2600
with which some embodiments of the invention are imple-
mented. The electronic system 2600 may be a computer (e.g.,
a desktop computer, personal computer, tablet computer,
etc.), phone, PDA, or any other sort of electronic device. Such
an electronic system includes various types of computer read-
able media and interfaces for various other types of computer
readable media. Electronic system 2600 includes a bus 2605,
processing unit(s) 2610, a graphics processing unit (GPU)
2615, a system memory 2620, a network 2625, a read-only
memory 2630, a permanent storage device 2635, input
devices 2640, and output devices 2645.

Thebus 2605 collectively represents all system, peripheral,
and chipset buses that communicatively connect the numer-
ous internal devices of the electronic system 2600. For
instance, the bus 2605 communicatively connects the pro-
cessing unit(s) 2610 with the read-only memory 2630, the
GPU 2615, the system memory 2620, and the permanent
storage device 2635.

From these various memory units, the processing unit(s)
2610 retrieves instructions to execute and data to process in
order to execute the processes of the invention. The process-
ing unit(s) may be a single processor or a multi-core processor
in different embodiments. Some instructions are passed to
and executed by the GPU 2615. The GPU 2615 can offload
various computations or complement the image processing
provided by the processing unit(s) 2610. In some embodi-
ments, such functionality can be provided using Corelmage’s
kernel shading language.

The read-only-memory (ROM) 2630 stores static data and
instructions that are needed by the processing unit(s) 2610
and other modules of the electronic system. The permanent
storage device 2635, on the other hand, is a read-and-write
memory device. This device is a non-volatile memory unit
that stores instructions and data even when the electronic
system 2600 is off. Some embodiments of the invention use a
mass-storage device (such as a magnetic or optical disk and
its corresponding disk drive) as the permanent storage device
2635.

Other embodiments use a removable storage device (such
as a floppy disk, flash memory device, etc., and its corre-
sponding disk drive) as the permanent storage device. Like
the permanent storage device 2635, the system memory 2620
is a read-and-write memory device. However, unlike storage
device 2635, the system memory 2620 is a volatile read-and-
write memory, such a random access memory. The system
memory 2620 stores some of the instructions and data that the
processor needs at runtime. In some embodiments, the inven-
tion’s processes are stored in the system memory 2620, the
permanent storage device 2635, and/or the read-only memory
2630. For example, the various memory units include instruc-
tions for processing multimedia clips in accordance with
some embodiments. From these various memory units, the
processing unit(s) 2610 retrieves instructions to execute and
data to process in order to execute the processes of some
embodiments.

The bus 2605 also connects to the input and output devices
2640 and 2645. The input devices 2640 enable the user to
communicate information and select commands to the elec-
tronic system. The input devices 2640 include alphanumeric
keyboards and pointing devices (also called “cursor control
devices”), cameras (e.g., webcams), microphones or similar
devices for receiving voice commands, etc. The output
devices 2645 display images generated by the electronic sys-
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tem or otherwise output data. The output devices 2645
include printers and display devices, such as cathode ray
tubes (CRT) or liquid crystal displays (LCD), as well as
speakers or similar audio output devices. Some embodiments
include devices such as a touchscreen that function as both
input and output devices.

Finally, as shown in FIG. 26, bus 2605 also couples elec-
tronic system 2600 to a network 2625 through a network
adapter (not shown). In this manner, the computer can be a
part of a network of computers (such as a local area network
(“LAN”), a wide area network (“WAN”), or an Intranet, or a
network of networks, such as the Internet. Any or all compo-
nents of electronic system 2600 may be used in conjunction
with the invention.

Some embodiments include electronic components, such
as microprocessors, storage and memory that store computer
program instructions in a machine-readable or computer-
readable medium (alternatively referred to as computer-read-
able storage media, machine-readable media, or machine-
readable storage media). Some examples of such computer-
readable media include RAM, ROM, read-only compact
discs (CD-ROM), recordable compact discs (CD-R), rewrit-
able compact discs (CD-RW), read-only digital versatile
discs (e.g., DVD-ROM, dual-layer DVD-ROM), a variety of
recordable/rewritable DVDs (e.g., DVD-RAM, DVD-RW,
DVD+RW, etc.), flash memory (e.g., SD cards, mini-SD
cards, micro-SD cards, etc.), magnetic and/or solid state hard
drives, read-only and recordable Blu-Ray® discs, ultra den-
sity optical discs, any other optical or magnetic media, and
floppy disks. The computer-readable media may store a com-
puter program that is executable by at least one processing
unit and includes sets of instructions for performing various
operations. Examples of computer programs or computer
code include machine code, such as is produced by a com-
piler, and files including higher-level code that are executed
by a computer, an electronic component, or a microprocessor
using an interpreter.

While the above discussion primarily refers to micropro-
cessor or multi-core processors that execute software, some
embodiments are performed by one or more integrated cir-
cuits, such as application specific integrated circuits (ASICs)
or field programmable gate arrays (FPGAs). In some embodi-
ments, such integrated circuits execute instructions that are
stored on the circuit itself. In addition, some embodiments
execute software stored in programmable logic devices
(PLDs), ROM, or RAM devices.

As used in this specification and any claims of this appli-
cation, the terms “computer”, “server”, “processor”, and
“memory” all refer to electronic or other technological
devices. These terms exclude people or groups of people. For
the purposes ofthe specification, the terms display or display-
ing means displaying on an electronic device. As used in this
specification and any claims of this application, the terms
“computer readable medium,” “computer readable media,”
and “machine readable medium” are entirely restricted to
tangible, physical objects that store information in a form that
is readable by a computer. These terms exclude any wireless
signals, wired download signals, and any other ephemeral
signals.

While the invention has been described with reference to
numerous specific details, one of ordinary skill in the art will
recognize that the invention can be embodied in other specific
forms without departing from the spirit of the invention. In
addition, a number of the figures (including FIGS. 8,2,12, 4,
13, and 19) conceptually illustrate processes. The specific
operations of these processes may not be performed in the
exact order shown and described. The specific operations may
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not be performed in one continuous series of operations, and
different specific operations may be performed in different
embodiments. Furthermore, the process could be imple-
mented using several sub-processes, or as part of a larger
macro process. Thus, one of ordinary skill in the art would
understand that the invention is not to be limited by the
foregoing illustrative details, but rather is to be defined by the
appended claims.

What is claimed is:

1. A non-transitory machine readable medium having a
computer program for execution by at least one processing
unit, the computer program comprising sets of instructions
for:

receiving a selection of a location on an image comprising

a plurality of pixels, each pixel having a plurality of
color values;

identifying a set of color values of a pixel that corresponds

to the selected location on the image;

defining, based on the identified set of color values, a

custom color component comprising a fractional contri-
bution from each of a plurality of primary color compo-
nents of a color space;
generating a response curve for the custom color compo-
nent, the response curve mapping a set of input color
values that are defined by reference to the custom color
component to a set of output color values that are defined
by reference to the custom color component;

modifying the response curve, by moving a selected por-
tion of the curve, to modify the mapping of the set of
input color values to the set of output color values; and

adjusting color values of the image based on the modified
mapping of the set of input color values to the set of
output color values.

2. The non-transitory machine readable medium of claim
1, wherein the plurality of primary color components com-
prises a red color component, a blue color component, and a
green color component.

3. The non-transitory machine readable medium of claim
2, wherein the set of color values of the pixel comprises a
color value that corresponds to the red color component, a
color value that corresponds to the blue color component, and
a color value that corresponds to the green color component.

4. The non-transitory machine readable medium of claim
1, wherein the custom color component comprises a range of
sets of color values, wherein each set of color values in the
range has a same ratio as that of the set of color values of the
pixel.

5. The non-transitory machine readable medium of claim
1, wherein the computer program further comprises a set of
instructions for generating at least one other response curve
for a primary color component, the other response curve
mapping a set of input color values that are defined by refer-
ence to the primary color component to a set of output color
values that are defined by reference to the primary color
component.

6. The non-transitory machine readable medium of claim
1, wherein the computer program further comprises sets of
instructions for:

receiving a manipulation of the response curve; and

based on the manipulation of the response curve, further

adjusting color values of the image.

7. A non-transitory machine readable medium having a
computer program which when executed by at least one pro-
cessing unit adjusts color values of an image, the computer
program comprising sets of instructions for:

20

25

30

35

40

45

50

55

60

65

38

displaying, in a display area, an image represented in a
color space comprising a plurality of primary color com-
ponents;

receiving a specification of a custom color component that
is a composite of two or more of the plurality of primary
color components;

generating a response graph for the custom color compo-
nent, the response graph mapping input color values that
are defined by reference to the custom color component
to output color values that are defined by reference to the
custom color component;

receiving a manipulation on the response graph by moving
a selected portion of the graph in order to modify the
mapping of the set of input color values to the set of
output color values; and

adjusting color values of the image based on the modified
mapping of the set of input color values to the set of
output color values.

8. The non-transitory machine readable medium of claim

7, wherein the set of instructions for receiving the specifica-
tion comprises a set of instructions for receiving a selection of
a location of the image.
9. The non-transitory machine readable medium of claim
8, the program further comprising a set of instructions for
identifying the primary color components from a set of color
values of a pixel that corresponds to the selected location on
the image.
10. The non-transitory machine readable medium of claim
7, wherein the set of instructions for receiving the specifica-
tion comprises a set of instructions for receiving selection of
locations of a plurality of range sliders that each is associated
with one of the primary color components.
11. The non-transitory machine readable medium of claim
10, the program further comprising a set of instructions for
identifying a plurality of color values that correspond to the
selected locations.
12. The non-transitory machine readable medium of claim
11, the program further comprising a set of instructions for
identifying the specification of the custom color component
based on the identified color values.
13. A method of providing a media editing application for
adjusting color values of an image represented in a color
space, the method comprising:
providing a custom color component composer for:
receiving a selection of a location on an image;
identifying a set of color values of a pixel that corre-
sponds to the selected location on the image; and

defining, based on the identified set of color values, a
custom color component that comprises a fractional
contribution from each of a plurality of primary color
components of a color space; and
providing a curve editor for:
generating a response curve for the custom color com-
ponent, the response curve mapping a set of input
color values that are defined by reference to the cus-
tom color component to a set of output color values
that are defined by reference to the custom color com-
ponent;

modifying the response curve, by moving a selected
portion of the curve, to modify the mapping of the set
of'input color values to the set of output color values;
and

adjusting color values of the image based on the modi-
fied mapping of the set of input color values to the set
of output color values.
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14. The method of claim 13, wherein the plurality of pri-
mary color components comprises a red color component, a
blue color component, and a green color component.

15. The method of claim 14, wherein the set of color values
of'the pixel comprises a color value that corresponds to the red
color component, a color value that corresponds to the blue
color component, and a color value that corresponds to the
green color component.

16. The method of claim 13, wherein the custom color
component comprises a range of sets of color values, wherein
each set of color values in the range has a same ratio as that of
the set of color values of the pixel.

17. The method of claim 13, wherein the curve editor is
further for:

receiving a manipulation of the response curve; and

based on the manipulation of the response curve, further

adjusting color values of the image.

18. A method of providing an application for adjusting
color values of an image represented in a color space, the
method comprising:

providing a first user interface (UI) for receiving a specifi-

cation of a custom color component comprising at least
one of a plurality of primary color components;
providing a graph generator for generating a response
graph for the custom color component, the response
graph mapping input color values that are defined by
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reference to the custom color component to output color
values that are defined by reference to the custom color
component;

providing a second Ul for receiving a manipulation on the

response graph by moving a selected portion of the
graph in order to modify the mapping of the set of input
color values to the set of output color values; and
providing a color adjuster for adjusting the color values of
the image based on the modified mapping of the set of
input color values to the set of output color values.

19. The method of claim 18, wherein the first Ul is further
for receiving a selection of a location of the image.

20. The method of claim 19, wherein the first Ul is further
for identifying a set of color values of a pixel that corresponds
to the selected location on the image.

21. The method of claim 18, wherein the first Ul is further
for receiving selection of locations of a plurality of range
sliders that each is associated with one of the primary color
components.

22. The method of claim 21, wherein the first Ul is further
for identifying a plurality of color values that correspond to
the selected locations.

23. The method of claim 22, wherein the first UT identifies
the specification of the custom color component based on the
identified color values.
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